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REMARKS 

The Present Invention 

The present invention pertains to a lymphocyte having dual specificity, compositions 
comprising the same, a pharmaceutical composition comprising the same, and a method of 
preparing the same. 

The Pending Claims 

Claims 1, 4, 7, 8, 10, 11, 40, 41, 44-61, and 72-82 are pending. Claims 1, 4, 7, 8, 10, 
46, and 72-78 are directed to a composition comprising a dual specificity T lymphocyte. 
Claims 1 1 and 47-51 are directed to a dual specificity lymphocyte. Claims 40 and 52-56 are 
directed to a pharmaceutical composition comprising a dual specificity T lymphocyte. 
Claims 41 and 58-61 are directed to a method of preparing lymphocytes having dual 
specificity, while claim 71 is directed to the lymphocytes made therefrom. Claims 79-82 are 
directed to a composition comprising a population of T lymphocytes. 

The Office Action 

The Office Action objects to claims 1,11, and 40 for the recitation of the phrase M a 
cell, which cell is" and suggests to amend the claims to instead recite M a cell that is." The 
Office Action maintains the rejection of claims 1, 3, 4, 7, 8, 10, 11, 40, 41, and 44-61 and 
rejects claim 71 under 35 U.S.C. § 1 12, first paragraph, as allegedly containing new matter. 
The Office Action further maintains the rejection of claims 1, 3, 4, 7, 8, 10, 11, 40, 41, and 
44-61 and rejects claim 71 under 35 U.S.C. § 1 12, first paragraph, as allegedly lacking 
written description. The Office Action maintains the rejection of claims 1, 3, 4, 7, 8, 10, 1 1, 
40, 41, and 44-61 and rejects claim 71 under Section 1 12, second paragraph, as allegedly 
indefinite. Furthermore, the Office Action maintains the rejection of claims 1, 3, 4, 7, 8, 10, 
1 1, 40, 41, and 44-61 and rejects claim 71 under 35 U.S.C. § 102 (e) as being anticipated by 
U.S. Patent 5,830,755. Also, claims 1, 3, 7, 8, 11, 40, 41, 45-47, 50, 52, 56, 58, and 61 
remain rejected under Section 102 (e) as allegedly anticipated by U.S. Patent 6,407,221. 
Claims 1, 3, 7, 8, 1 1, 40, 41, 45-67, 50, 52, 56, 58, and 61 remain rejected and claim 71 is 
rejected under Section 102 (e) as allegedly anticipated by U.S. Patent 5,359,046. 
Reconsideration of the objection and rejections is hereby requested. 
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Discussion of the Amendments to the Claims 

The claims have been amended to place them in better form for appeal. For example, 
pending claim 1 has been amended to remove certain terms which are recited in new claims 
72-76. As noted below, this amendment obviates the concern expressed in the Office Action 
that claim 1 may be unclear because these claim terms are expressed together in claim 1 . 
Additionally, the Office Action alleges that the claims may be inherently anticipated by the 
prior art. New claims 77-82 are directed to subject matter, which applicants believe cannot 
be inherently anticipated by the prior art. Moreover, the claims have also been amended as 
explicitly suggested by the Office Action. Accordingly, applicants respectfully submit that 
the claim amendments should be entered under 37 C.F.R. § 1.116. 

Specifically, claims 1,11, 40, and 41 have been amended to recite "a cell that is 
allogeneic," as suggested by the Office. Claim 1 has been further amended to delete 
"recombinant T-cell receptor, either of from part (i). This subject matter is the subject of 
new claims 72-76. Claims 77-82 have also been added, which are supported in the 
specification by, for instance, page 31, line 4, of paragraph 81 through page 32, line 14, of 
paragraph 81. Claims 80 and 82 are further supported by paragraph 0053 on page 17. 
Accordingly, no new matter has been added by way of the amendments. 

Discussion of the New Matter Rejections 

The Office Action maintains the rejection of claims 1, 3, 4, 7, 8, 10, 1 1, 40, 41, and 
44-61 and rejects claim 71 under 35 U.S.C. § 1 12, first paragraph, as allegedly containing 
new matter. This rejection is traversed for the reasons set forth below. 

The Office contends that the scope of lymphocytes having a second receptor that 
recognizes any cell that is allogeneic to the lymphocyte is new matter. However, such T 
lymphocytes are supported by the instant specification at, for example, page 6, paragraph 17, 
and page 11, lines 1-12 of paragraph 41, which discloses that the antigen to which the second 
receptor reacts includes any strong antigen, such as an allogeneic cell. Moreover, originally 
filed claims 1,2, 12, 13, and 15 cannot be rejected as "new matter" because they are original 
claims, yet the allegation in the Office Action would encompass these claims. While other 
support for these claims can be found in the application, this teaching of the instant 
specification alone is enough to demonstrate that the subject matter is not new. 

The Office apparently maintains the new matter rejection because Examples 3-9 and 
11, which were previously cited by Applicants, allegedly only teach stimulating the cells with 
PBMC and determining if the cells recognize allogeneic PBMC. Example 5 discloses dual 
specificity T cells having a receptor which is reactive to allogeneic splenocytes (page 30, line 
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3, of paragraph 79) and a chimeric receptor reactive to a tumor antigen, Folate Binding 
Protein (FBP) (page 30, line 2 of paragraph 79). Example 9 discloses cells having a receptor 
which is reactive to one of allogeneic PBMC, B cells, and dendritic cells (page 35, line 8, of 
paragraph 83) and a chimeric receptor (Mov-y) (page 35, line 1 1 of paragraph 83). In this 
regard, PBMCs are not the only allogeneic cells that are used to stimulate the claimed dual 
specific T cells. Accordingly, the rejected claims do not comprise new matter, nor does the 
instant specification fail to disclose T cells having a T cell receptor reactive to allogeneic 
cells other than allogeneic PBMC. 

The Office also alleges that the specification does not teach that the receptor will 
recognize any allogeneic cell as broadly claimed. Originally filed claims 1 and 2 recite the 
subject matter objected to. Originally filed claims are part of Applicants disclosure. 
Accordingly, this subject matter cannot be "new." 

The Office further alleges that the T lymphocyte having two receptors comprising an 
MOv-y receptor and an endogenous receptor that reacts with a splenocyte, dendritic cell, B- 
cell or peripheral blood cell that is allogeneic to the lymphocyte is new matter. As described 
above, the Examples demonstrate T cells having an endogenous receptor reactive to one of 
allogeneic splenocytes, dendritic cells, B cells, and PBMCs. 

The Office contends that the specification does not teach that the "dual specificity 
allogeneic/MOv-y T cells" had an endogenous T cell receptor reactive with splenocytes. 
When a T cell receptor reacts to the antigen to which it binds, a number of T cell responses 
can occur, one of which is T cell proliferation, i.e., clonal expansion. See Janeway et al., 
Immunobiology , 5 th ed., Garland Publishing, New York, NY, 2001, pages 20-21 . Figures 3 A 
and 3B of the instant application demonstrate that the number of Thy 1.1 T cells was 
remarkably increased when the recipient mice received an immunization with splenocytes 
(black bars), in contrast to the mice that did not receive the splenocyte immunization (white 
bars). This experiment demonstrates that the splenocytes caused the Thy 1 .1 T cells to 
clonally expand, i.e., to proliferate, which occurred due to the endogenous T cell receptor 
reacting to the splenocytes. Thus, the ordinarily skilled artisan would readily and 
immediately understand that the instant application does support dual specificity T cells 
having an endogenous T cell receptor reactive with allogeneic splenocytes. 

In view of the foregoing, the instant claims do not contain new matter. Therefore, 
Applicants respectfully request that the new matter rejection of claims 1, 3, 4, 7, 8, 10, 11, 40, 
41, 44-61, and 71 be withdrawn. 
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Discussion of the Written Description Rejection 

The Office Action maintains the rejection of claims 1, 3, 4, 7 5 8, 10 5 1 1 5 40, 41, and 
44-61 and rejects claim 71 under 35 U.S.C. § 112, first paragraph, as allegedly lacking 
adequate written description. Specifically, the Office contends that the "chimeric receptor 
reactive with a tumor antigen" does not meet the written description requirements, because 
the instant specification does not disclose the alleged required DNA sequences of all the 
chimeric receptors encompassed within the scope of the claim. This rejection is traversed for 
the reason set forth below. 

First, the ordinarily skilled artisan would, upon reading the specification, conclude 
that Applicants were in possession of the claimed invention. At least for this reason, the 
application contains an ample written description of the claimed invention. 

Second, as noted by the Manual of Patent Examining Procedure (MPEP) (§ 2163), the 
description need only describe in detail that which is new or not conventional. See Hybritech 
v. Monoclonal Antibodies, 802 F.2d at 1384, 231 USPQ at 94; Fonar Corp. v. General 
Electric, Co., 107 F.3d at 1549, 41 USPQ2d at 1805. In the instant case, chimeric receptors 
reactive with a tumor antigen were known in the art at the time of filing the subject patent 
application. For example, a chimeric receptor reactive to a tumor antigen expressed in colon 
carcinoma is described in Haynes et al., J Immunol (January 2001) 166: 182-187 (article 
attached hereto). Also, a chimeric receptor reactive to a tumor antigen expressed in breast 
cancer is described in Dakappagari et al., Cancer Res (July 15, 2000) 60: 3782-3789 (article 
attached hereto), and chimeric receptors reactive to a renal cell carcinoma antigen are 
described in Weijtens et al., J Immunol (July 15, 1996) 157: 836-843 (article attached hereto), 
Weijtens et al., Gene Ther (September 1998) 5: 1 195-1203 (abstract attached hereto), and 
Weijtens et al. Int J Cancer (July 17, 1998) 77: 181-187 (abstract attached hereto). 
Accordingly, because such chimeric receptors were known in the art at the time of filing the 
instant application, the specification is not required to include DNA sequences of the 
chimeric receptors. 

In view of the foregoing, claims 1, 3, 4, 7, 8, 10, 1 1, 40, 41, 44-61 and 71 are 
adequately described. Therefore, Applicants request that the rejection for lack of written 
description be withdrawn. 

Discussion of the Indefiniteness Rejection 

The Office Action maintains the rejection of claims 1, 3, 4, 7, 8, 10, 1 1, 40, 41, and 
44-61 and rejects claim 71 under Section 1 12, second paragraph, as allegedly indefinite. 
Specifically, the Office alleges that the phrase "recombinant chimeric receptor" or 
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"recombinant T cell receptor" in the context of claim 1 does not make sense. Applicants 
thank the Examiner for helping to ensure that the pending claims are clear. To obviate the 
rejection, applicants have separated the claim terms at issue into separate claims. In view of 
the amendments to the claims (i.e., cancellation of "recombinant T cell receptor" from claim 
1, and the addition of new claim 72) this rejection does not apply to the claims as pending. 

Discussion of the Anticipation Rejections 

The Office Action maintains the rejection of claims 1, 3, 4, 7, 8, 10, 11, 40, 41, and 
44-61 and rejects claim 71 under 35 U.S. C. § 102 (e) as being anticipated by U.S. Patent 
5,830,755 (the 755 patent). Also, claims 1, 3, 7, 8, 1 1, 40, 41, 45-47, 50, 52, 56, 58, and 61 
remain rejected under Section 102 (e) as allegedly anticipated by U.S. Patent 6,407,221 (the 
'221 patent). Claims 1,3, 7, 8, 11, 40, 41, 45-67, 50, 52, 56, 58, and 61 remain rejected and 
claim 71 is rejected under Section 102 (e) as allegedly anticipated by U.S. Patent 5, 359,046 
(the '046 patent). These rejections are traversed for the reasons set forth below. 

The Office interprets the '755 patent in three different ways. In a first interpretation, 
the TIL of the '755 patent purportedly inherently have an endogenous T cell receptor reactive 
with a cell that is allogeneic to the T cell because both transduced and non-transduced TIL 
reacted with murine sarcoma cells (24JK) (Table 8). However, as stated in the Declaration of 
Dr. Patrick Hwu, the 24JK cells are not allogeneic to the TIL. Rather, the cells are syngeneic 
to each other. Accordingly, the '755 patent when viewed according to the Office's first 
interpretation does not anticipate the instant claims. 

In a second interpretation of the '755 patent, the Office contends that the endogenous 
T cell receptor that reacts to a cell that is allogeneic to the T cell is inherent to the TIL 
disclosed in the 755 patent, since the population of TIL was diverse. The Office speculates 
that one of the many and diverse T cell receptors in a population of TIL should recognize an 
allogeneic cell. This speculation, however, is not supported by evidence. Under the 
principles of inherency, the prior art must necessarily function in accordance with the claims 
it allegedly anticipates. Atlas Powder Co. v. Ireco, Inc., 190 F.3d 1342 (Fed. Cir. 1999); In re 
King, 801 F.2d 1324 (Fed. Cir. 1986). Inherency may not be established by probabilities or 
possibilities. The mere fact that a certain thing may result from a given set of circumstances 
is not sufficient. Continental Can Co. USA, Inc. v. Monsanto Co., 948 F.2d 1264 (Fed. Cir. 
1991) (emphasis in original). In the instant case, there is no evidence of record that 
demonstrates that the diversity of the TIL population guarantees that the population contains 
a T cell having an endogenous T cell receptor reactive to an allogeneic cell. Accordingly, 
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inherency cannot be demonstrated in the instant case. Therefore, the '755 patent does not 
anticipate the claimed invention under the Office's second interpretation. 

In a third interpretation, the Office alleges that the 755 patent discloses TIL which are 
exposed to an antigen prior to transduction to stimulate growth and expansion of cells that 
recognize the antigen. However, the 755 patent does not disclose that the antigen is an 
allogeneic cell. Accordingly, the 755 patent does not anticipate the claimed invention under 
the Office's third interpretation. 

The Office also rejects claim 41 as allegedly anticipated by the 755 patent, since the 
steps of the method of claim 41 are allegedly disclosed by the 755 patent. However, as 
stated above, the 755 patent does not disclose contacting lymphocytes with a cell that is 
allogeneic to the lymphocytes. Thus, the 755 patent does not anticipate the method of 
claim 41. 

In view of the foregoing, the 755 patent does not anticipate the instantly claimed 
invention. Therefore, Applicants respectfully request that the rejection under § 102 in view 
of the 755 patent be withdrawn. 

The Office Action alleges that the '221 and f 046 patents anticipate claims 1, 3, 7, 8, 
1 1, 40, 41, 45-47, 50, 52, 56, 58, 61, and 71. Specifically, the Office Action alleges that the 
'22 1 and ! 046 patents disclose T cells transduced with a vector encoding a chimeric receptor 
that recognizes a tumor antigen. In some instances, the tumor antigen allegedly is the HIV 
protein gpl20. The Office further alleges that the T cells of the '221 and f 046 patents 
inherently comprise an endogenous T cell receptor, which is reactive to an allogeneic cell, 
since the T cells were in a diverse population of T cells. The rejection of the claims under § 
102 in view of the f 221 patent is traversed for the reasons set forth below. 

The Office alleges that the HIV gpl20 protein is considered as a tumor antigen 
because the protein was caused to be expressed in a tumor cell. However, "tumor antigen" is 
defined in the instant application on page 13, lines 8-15 of paragraph 0046, as a molecule that 
can be used to target therapy against a tumor and includes those antigens only found on tumor 
cells (i.e., tumor specific), those which are expressed on tumor cells and on limited normal 
tissues, and those which are over-expressed on tumor cells compared to the expression on a 
wide variety of normal tissues (i.e. over-expressed antigens). At least because the gpl20 
protein is not a molecule that can be used to target therapy against a tumor, this protein 
cannot be considered as a tumor antigen as defined by the instant application. 

The Office further alleges that the T cells of the '22 1 patent inherently comprise the 
endogenous receptor which reacts to an allogeneic cell. As noted above with respect to the 
755 patent, there is no evidence of record that a diverse population of T cells have an 
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endogenous T cell receptor reactive to an allogeneic cell. Accordingly, inherent anticipation 
of the claimed invention has not been demonstrated in the instant case. That is, even 
assuming for the sake of argument, that the '221 and '046 patents may disclose T cells having 
a receptor that reacts to a tumor antigen, neither disclose T cells having a second endogenous 
receptor that reacts to a cell that is allogeneic to the T cell. Thus, neither the '221 patent, nor 
the '046 patent, disclose every limitation of the claims. 

In view of the foregoing, Applicants respectfully request that the rejection under § 
1 02 in view of the '22 1 and '046 patents be withdrawn. 



The application is considered in good and proper form for allowance, and the 
Examiner is respectfully requested to pass this application to issue. If, in the opinion of the 
Examiner, a telephone conference would expedite the prosecution of the subject application, 
the Examiner is invited to call the undersigned attorney. 



Conclusion 




Respectfully submitted. 



700 Thirteenth Street, N.W., Suite 300 



Washington, DC 20005-3960 
(202) 737-6770 (telephone) 
(202) 737-6776 (facsimile) 



Date: January 11, 2005 



Al: \CUems\SIHUntd\2l8l 22 amdS. doc 
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Redirecting Mouse CTL Against Colon Carcinoma: Superior 
Signaling Efficacy of Single-Chain Variable Domain Chimeras 
Containing TCR-f vs FceRI-y 1 

Nicole M. Haynes,* Marie B. Snook,* Joseph A. Trapani,* Loretta Cerruti,* Stephen M. Jane,* 
Mark J. Smyth, 2 * and Phillip K. Darcy 2 - 3 * 

The structurally related TCR-f and Fc receptor for IgE (Fc€RI>y are critical signaling components of the TCR and FccRI, 
respectively. Although chimeric Ab receptors containing £ and y signaling chains have been used to redirect CTL to tumors, a 
direct comparison of their relative efficacy has not previously been undertaken. Here, in naive T lymphocytes, we compare the 
signaling capacities of the f and y subunits within single-chain variable domain (scFv) chimeric receptors recognizing the car- 
cinoembryonic Ag (CEA). Using a very efficient retroviral gene delivery system, high and equivalent levels of scFv-£ and scFv-y 
receptors were expressed in T cells. Despite similar levels of expression and Ag-specific binding to colon carcinoma target cells, 
ligation of scFv-anti-CEA-f chimeric receptors on T cells resulted in greater cytokine production and direct cytotoxicity than 
activation via scFv-anti-CEA-y receptors. T cells expressing scFv-f chimeric receptors had a greater capacity to control the growth 
of human colon carcinoma in scid/scid mice or mouse colon adenocarcinoma in syngeneic C57BL/6 mice. Overall, these data are 
the first to directly compare and definitively demonstrate the enhanced potency of T cells activated via the f signaling 
pathway. The Journal of Immunology >, 2001, 166: 182-187. 



Engagement of TCRs and Ig-binding FcR on T lympho- 
cytes and myeloid/NK cells, respectively, are critical 
events in initiating host immune defense against virus- 
infected and malignant cells (1,2). The signaling events down- 
stream of both the TCR and FcR involves rapid phosphorylation of 
conserved 18-aa Ig tyrosine activation motifs (IT AM), 4 situated in 
the cytoplasmic domains of these immune receptor complexes and 
the subsequent activation of Src family and ZAP-70 and Syk ki- 
nases (2-8). FcR-y- and TCR-f-chains contain one and three 
ITAMs, respectively, within their cytoplasmic domains; each 
ITAM sequence containing a pair of YXXL motifs separated by 
seven amino acids. It is these variable flanking amino acids that 
ultimately dictate, through recruitment of specific protein tyrosine 
kinases, the signaling capability and function of the y- and 
f-chains (4, 9). The subsequent induction of multiple downstream 
signaling cascades leads to cell activation and stimulation of crit- 
ical biological effector functions such as cytolysis, cytokine re- 
lease, and phagocytosis (8, 10, 11). 
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Chimeric receptors comprising the 7 and f cytoplasmic signal- 
ing chains fused to an extracellular ligand-binding domain of a 
heterologous receptor or single-chain Ab have served as effective 
tools for elucidating and comparing the stmcture-function relation- 
ship of these TCR-f and Fc receptor for IgE (FceRI)-y subunits 
(11-13). In addition, these chimeras have offered excellent new 
possibilities for designing novel cellular immunotherapies (14- 
21). We and others have previously shown that upon Ag ligation 
of these chimeric receptors, expressed in T cell lines (14, 15, 16), 
NK cells (17, 18), neutrophils (19), and primary T lymphocytes 
(20, 21), both the 7 and f subunits can effectively couple to signal 
transduction pathways. These signaling moieties are thus capable 
of mediating immune effector functions, equivalent to but inde- 
pendent of the endogenous FcR and TCR, respectively. Compar- 
ative studies of the signaling efficacy of 7 and f in T cell lines, the 
rat basophilic leukemic cell line, NK cells, and neutrophils have 
shown the f subunit to be more effective than 7 in mediating cy- 
tolysis and cytokine release in vitro (19, 22). However, to date, 
comparison of these structurally related signaling subunits in pri- 
mary T lymphocytes has not been demonstrated, particularly in 
tumor models in vivo. 

We have previously described a highly effective retroviral gene 
delivery system for efficiently expressing chimeric receptor gene 
constructs in mouse T lymphocytes (20). These studies demon- 
strated encouraging efficacy of a single-chain variable domain 
(scFv)-anti-carcinoembryonic Ag (CEA)-7 chimera in redirecting 
T cell-mediated rejection of colon carcinoma (20). In this study, 
we have compared the efficacy of scFv-7 and -f chimeric recep- 
tors, recognizing the CEA, to redirect T lymphocyte-mediated ef- 
fector function both in vitro and in vivo. In keeping with our pre- 
vious findings, T lymphocytes expressing the scFv-7 chimeric 
receptor were capable of efficiently mediating rejection of colon 
carcinoma in an Ag-specific manner (20). Importantly however, T 
lymphocytes expressing the scFv-f chimeric receptors consistently 
demonstrated a greater capacity to mediate cytokine production, 
direct cytotoxicity, and tumor rejection in vivo. Thus, the TCR-f 



Copyright © 2001 by The American Association oflmmunologists 



0022-1767/01/S02.00 



The Journal of Immunology 



183 



molecule was a superior signaling moiety in chimeric receptors 
redirecting T cell effector function. 

Materials and Methods 

Cell culture 

The human colorectal carcinoma cell lines COLO 205 and Lovo, mouse 
(C57BL/6 (B6)) colon adenocarcinoma MC-38 and its CEA + transfectant, 
MC-38-CEA2 (Ref. 23; kindly provided by Dr. Jeff Schlom, National In- 
stitutes of Health, Bethesda, MD), and the B6 sarcoma cell line 24JK 
(kindly provided by Dr. Patrick Hwu, National Institutes of Health) were 
maintained in RPMI 1640 or DMEM at 37°C and 5% C0 2 supplemented 
with the following additives: 10% (v/v) FCS, 2 mM glutamine, 100 U/ml 
penicillin, and 100 jig/ml streptomycin (Life Technologies, Grand Island, 
NY). The retroviral packaging cell lines, GP+E86 and PA317 and the 
fibroblast cell tine NIH3T3 were cultured in DMEM with additives. PA317 
cells transduced with recombinant retroviral DNA were maintained in 
DMEM supplemented with 0.5 mg/ml G418 (Life Technologies). Trans- 
duced T cells were cultured in DMEM containing 100 U/ml of human 
rIL-2 (kindly provided by Chiron, Emeryville, CA). 

Mice 

Inbred B6, BALB/c, and BALB/c scid/scid (scid) mice were purchased 
from The Walter and Eliza Hall Institute of Medical Research, Melbourne, 
Australia. Mice of 4-8 wk of age were used in all experiments that were 
performed according to animal experimental ethics committee guidelines. 

Chimeric receptor gene construction 

A 767-bp fragment of DNA coding for scFv of anti-CEA and a marker 
epitope from c-myc was amplified by PCR from the vector MFE-23 (24) 
and subcloned into ^al/Bj/EII-digested pRSVscFvyR (a kind gift from 
Zelig Eshhar, Weizmann Institute, Rehovot, Israel). The chimeric gene 
constructs were composed of the scFv of the anti-CEA mAb, a membrane- 
proximal hinge region of human CD8 and the transmembrane and cyto- 
plasmic regions of the human FccRI-y or TCR-£-chains. The scFv anti- 
CEA chimeric receptors were digested with Sna&VXhol and were 
subcloned into the HpaVXhol restriction sites of the retroviral vector, 
pLXSN (a kind gift from Dusty Miller, Fred Hutchinson Cancer Research 
Center, Seattle, WA) containing the long terminal repeat and a neomycin 
resistance gene under the control of an SV40 promoter. 

Retroviral gene transfer of mouse spleen T lymphocytes 

Stable GP+E86 ecotrophic packaging cell lines expressing either scFv- 
anti-CEA-y or -£ receptors were isolated as described previously (20). 
GP+E86 clones producing MO 7 cfu/ml were used for transduction of 
mouse spleen T lymphocytes. Spleen cells from mice were initially de- 
pleted of RBC by hypotonic lysis with NH 4 C1 and enriched by passing 
through a nylon wool syringe as described previously (25). Enriched T 
lymphocytes (10 7 ) were then cocultivated for 72 h with 5 X 10 5 viral- 
producing packaging cells in DMEM supplemented with 4 pg/ml poly- 
brene, 5 jig/ml PHA (Sigma, St Louis, MO), and 100 U/ml rIL-2. Fol- 
lowing cocultivation, T cells were separated from adherent packaging cells, 
washed with DMEM and cultured in DMEM supplemented with 100 U/ml 
rIL-2. T cells were subsequently analyzed for transduction efficiency by 
flow cytometry and used for in vitro assays and in vivo experiments. 

Flow cytometry 

Detection of cell surface chimeric receptor expression on mouse T lym- 
phocytes was achieved by indirect immunofluorescence with a c-myc tag 
Ab purified from supematants of mouse 9E10 cells (26), followed by stain- 
ing with a PE-labeled anti-mouse Ig mAb (Becton Dickinson, San Jose, 
CA). Cell surface phenotyping of transduced cells was determined by di- 
rect staining with Quantum Red-labeled anti-CD4 (clone H 129-19; Sigma) 
and anti-CD8 (clone 53-6.7; Sigma) and PE-labeled anti-TCR/J (clone H57- 
597; PharMingen, San Diego, CA) mAbs as previously described (20). 

Ag-specific binding, cytotoxicity, and cytokine secretion 

The binding capacity of gene-modified mouse T lymphocytes was deter- 
mined in a rosetting assay as described (16). The cytolytic capacity of 
transduced T cells was determined in a 6-h 5l Cr-release assay as described 
(15). Mouse IFN-y secretion by scFv-modified mouse T lymphocytes after 
CEA ligation was detected by ELISA. Transduced T cells (10 6 ) (trans- 
duced with LXSN alone or LXSN plus scFv-anti-CEA-y or -£) were cul- 
tured with 10 6 Lovo (CEA + ) or 24JK (CEA") cells in 24-well plates for 
20 h. Following incubation, supematants were harvested and spun to re- 



move cell debris. Levels of cytokine production were measured by ELISA 
(Phar- 
Mingen) according to the suppliers specifications. 

Adoptive transfer models 

Three different adoptive transfer tumor models were employed. In the first 
model, 10 6 mouse 24JK sarcoma cells and/or 5 X 10 6 human COLO 205 
colon carcinoma cells were injected s.c. into opposite flanks of groups of 
5-10 scid mice. Spleen T lymphocytes (5 X 10 6 ) from BALB/c mice 
(transduced with LXSN vector alone or LXSN plus scFv-anti-CEA-y or -£) 
were injected i.v. into groups of 5-10 scid mice 6 h (day 0) and 24 h (day 
1) after tumor inoculation. In the second model, 10 7 mouse MC-38-CEA2 
colon adenocarcinoma cells were injected i.p. into groups of 5-10 B6 mice. 
Spleen T lymphocytes (5 X lfZ-lO 5 ) from B6 mice (transduced with 
LXSN vector alone or LXSN plus scFv-anti-CEA-y or -£) were injected 
i.p. into groups of 5-10 syngeneic mice 6 h (day 0) and 24 h (day 1) after 
tumor inoculation. In the third model, 5 X 10 6 mouse MC-38 colon ade- 
nocarcinoma cells and/or the CEA + transfectants, 5 X 10 6 MC-38-CEA2, 
were injected s.c. into opposite flanks of groups of 5-10 B6 mice. Spleen 
T lymphocytes (5 X I0 6 ) from B6 mice (transduced with LXSN vector 
alone or LXSN plus scFv-anti-CEA-y or -£) were injected i.v. into groups 
of 5-10 syngeneic mice 6 h (day 0) and 24 h (day I), or day 3 after tumor 
inoculation. In the s.c. models, subsequent tumor growth was monitored 
daily and measured by a caliper square along the perpendicular axes of the 
tumors. The data were recorded as the mean tumor size (product of the two 
perpendicular diameters) ± SEM. In the i.p. model, mice were monitored 
daily for tumor ascites development, indicated by swelling of the abdomen 
and were culled when obvious signs of tumor growth were noted 

Results 

Expression of chimeric scFv-anti-CEA-y and -f receptors in 
mouse T lymphocytes 

The chimeric receptor gene constructs were composed of the scFv 
(V H and VJ regions of the anti-CEA rnAb fused to the transmem- 
brane and cytoplasmic regions of the human TCR-f or FceRI-y 
signaling chains, via a CD8 hinge (Fig. \A). The scFv-y and -f 
chimeric gene constructs were subcloned into the retroviral vector 
pLXSN and high titer-virus-producing GP+E86 clones were used 
to transduce enriched naive T lymphocytes from BALB/c or B6 
mouse spleens as previously described (20). Surface expression of 
the scFv-anti-CEA receptors in transduced T cells was determined 
by flow cytometry using an anti -c-myc tag mAb directed at the tag 
epitope located within the extracellular domain of the receptors 
(Fig. 1, B-D). An equivalently high level of expression of the 
scFv-anti-CEA-y and -£ chimeric receptors (ranging between 50 
and 80%) was detected on T cells (mean channel fluorescence: 
scFv-y = 36.6 ± 5.8, scFv-? = 32.8 ± 5.4; n = 8; Fig. 1, B and 
C). Expression of either scFv chimeric receptor could not be de- 
tected on T cells transduced with the LXSN retroviral vector alone 
(mean channel fluorescence = 8.80 ± 2.7; n = 8; Fig. ID). Con- 
sistent with previous observations (20), preferential proliferation 
of CD8 + spleen T cells in response to PHA/IL-2 was observed; the 
transduced T cell populations were consistently >80% 
TCRJ3 + CD8 + . 

Effective Ag-specific binding by T cells expressing the scFv-anti- 
CEA-y and -£ chimeric receptors 

The ability of mouse T cells expressing either the scFv-anti- 
CEA-y or -f receptors to specifically bind CEA-expressing target 
cells was demonstrated in rosetting assays. Transduced BALB/c T 
cells (scFv-anti-CEA-y and -f) conjugated equally well with the 
CEA + Lovo target cells (40 ± 3% vs 46 ± 2%; n = 4) but not 
with CEA" 24JK target cells (data not shown). T cells transduced 
with pLXSN control vector did not bind either target cell line (data 
not shown). These data suggested that the level of surface expres- 
sion and scFv-mediated Ag binding of y- and f -containing chi- 
meric receptors were equivalent 
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FIGURE 1. Expression of the chimeric scFv-anti-CEA-7 and -f recep- 
tors in mouse T lymphocytes. A, Schematic representation of the scFv- 
anti-CEA-y and -£ receptors. Each construct was composed of the V H and 
V L regions of the anti-CEA mAb joined by a flexible linker, a membrane- 
proximal hinge region of human CD8 and the transmembrane (TM) and 
cytoplasmic regions of the human FceRI-y- and TCR-£-chains. Enriched 
splenic T cells from B ALB/c or B6 mice were transduced by coculture with 
GP+E86 clones producing the recombinant retroviral vector encoding the 
anti-CEA-f (B), the anti-CEA-y (Q gene constructs, or the retroviral vec- 
tor pLXSN alone (D). Cells were stained with the anti-tag mAb and PE-labeled 
sheep anti-mouse Ig (solid line) or with the PE-labeled secondary alone 
(dashed line), and receptor expression was analyzed by flow cytometry. 

Superior cytokine release and cytotoxicity mediated by scFv-£- 
transduced T cells 

The capacity of the scFv-y- or -f-transduced T cells to secrete 
IFN-y was compared following specific interaction with CEA* 
target cell lines (Table I). T cells transduced with the scFv-£ chi- 
mera secreted >1.5-foId more IFN-y than T cells expressing the 
scFv-y receptor, following ligation of the CEA"** Lovo carcinoma 
cell line (Table I). T lymphocytes transduced with LXSN vector 
alone secreted <20 pg/ml IFN-y after interaction with Lovo or 



Table I. Optimal IFN-y secretion by scFv-£-expressing mouse T cells 
after CEA ligation 0 







Target Cell Line 


Transduced 


24JK (CEA") 


Lovo (CEA + ) 


T Cells 


(pg/ml) 


(pgfaal) 


LXSN 


<20 


<20 


scFv-£ 


<20 


257 ± 23 


scFv-y 


<20 


132 ± 10 



" Results are from a representative experiment. Mouse T cells transduced with 
pLXSN alone or pLXSN encoding the scFv-anti-CEA-7 or -f receptors were cultured 
with 5 X 10 s Lovo (CEA + ) or 24JK (CEA") for 24 h in 24-well plates at a 1:1 E:T 
ratio. Harvested supematants were evaluated for IFN-y production by ELISA. Results 
are expressed as pg/ml of I FN -7 production ± SE for duplicate samples. 



24 JK cells. Depletion of CD8 + T cells before interaction with 
Lovo target cells abolished IFN-y secretion (data not shown). Hu- 
man Jurkat T leukemia cells expressing either the scFv-anti- 
CEA-y or -f receptors also secreted IL-2 in an Ag-specific manner. 
In particular, after ligation with CEA, Jurkat T cells transduced 
with scFv-f secreted 2-fold more IL-2 than Jurkat transduced with 
the scFv-y receptor (data not shown). This data demonstrated the 
f-containing chimera to also be more effective for cytokine pro- 
duction than the scFv-y chimera in a human T cell line. 

The capacity of transduced T cells, expressing the scFv-y or -f 
chimeric receptors to mediate specific target cell lysis was evalu- 
ated in standard 6-h 51 Cr release assays. BALB/c T cells express- 
ing either the scFv-y or -f receptors were capable of lysing the 
CEA* colon carcinoma cell line COLO 205, but not the CEA" 
24 JK sarcoma cell line. Interestingly, BALB/c T cells expressing 
the scFv-anti-CEA-f chimeric receptors were significantly more 
cytolytic than T cells transduced with the scFv-y chimera at all E:T 
ratios (Fig. 2, A and £). In B6 T lymphocytes (expressing equiv- 
alent levels of the scFv-y or -f receptors as detected on transduced 
BALB/c T cells (data not shown)), the f -containing chimera again 
was showiLto have a greater cytolytic capacity than the y-contain- 
ing chimera against the CEA + MC-38-CEA2 mouse colon adeno- 
carcinoma (Fig. 2Q. No lysis of the CEA~ parental MC-38 cells 
was evident in the presence of either effector population (Fig. 2D). 
The antigenic specificity of these responses was further demon- 
strated by the abrogation of T cell lysis by the addition of an 
anti-CEA-mAb, but not by an IgG isotype control mAb (data not 
shown). T cells transduced with the LXSN vector alone were un- 
able to lyse the CEA-expressing and control target cell lines (Fig. 
2,A-D). 

Superior efficacy of scFv-anti-CEA-l-transduced T cells in 
rejecting human colon carcinoma in scid mice 

The signaling efficacy of the scFv-anti-CEA-y and -f chimeric 
receptors in stimulating T cell effector function was further eval- 
uated in a human tumor rejection assay in vivo. Both types of 




60:140:1 10:1 2:1 80: 140:1 10:1 2:1 



E:T Ratio 

FIGURE 2. Superior efficacy of scFv-anti-CEA-£-transduced T cells in 
mediating Ag-specific lysis of CEA + tumor cells by transduced T cells. 
The cytolytic function of the transduced T cells expressing the scFv-anti- 
CEA-y and -£ receptors was evaluated in a 6-h 5l Cr release assay. T cells 
transduced with the scFv-y (■) or scFv-f (O) chimeric receptors lysed the 
CEA + COLO 205 colon carcinoma cell line (A) but not the CEA~ 24JK 
sarcoma cell line (B). T cells transduced with the pLXSN retrovirus alone 
(□) were unable to lyse the COLO 205 and 24JK cell lines. The lytic 
activity of enriched splenic T cells from B6 mice transduced with the scFv 
anti-CEA-7 chimera (■), the scFv anti-CEA-£ chimera (O), or pLXSN 
alone (□) was evaluated against the CEA* colon adenocarcinoma cell line 
MC-38-CEA2 (Q or CEA" MC-38 parental cell line (£>). The spontaneous 
lysis was <10% in all assays. Results are expressed as specific 51 Cr re- 
lease ± SE (%) for triplicate samples and are representative of at least two 
experiments. 
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transduced T cells (5 X 10 6 ) were adoptively transferred i.v. into 
scid mice, 6 h (day 0) and 24 h (day 1) after the subcutaneous 
inoculation of CEA 4 " COLO 205 tumor in the right flank and 
CEA" 24JK tumor in the left flank. As previously reported (20), 
the scFv-y chimeric receptor transduced effector T cells injected 
i.v. mediated an Ag-specific anti-tumor response against the 
CEA + COLO 205 tumor xenografts, with 2 of 10 tumors com- 
pletely eradicated (Fig. 3A). However, more striking was the effect 
of the scFv-f-transduced T cells, with the complete eradication of 
6 of 10 COLO 205 tumors (Fig. 3A). Of the mice with tumors not 
eradicated by treatment with either population of chimera-trans- 
duced T cells, only those receiving scFv-f -transduced cells dis- 
played a reduced tumor growth rate compared with mice receiving 
pLXSN-transduced T cells or no treatment The antigenic-speci- 
ficity of both scFv chimeric receptors was demonstrated by the 
complete lack of effect of these transduced T cells on CEA" 24JK 
tumors growing in the opposite flank of these mice (Fig. 3B), Mice 
with tumors eradicated by treatment were monitored for between 
50 and 100 days after tumor inoculation and all remained 
tumor free. 

Superior efficacy of scFv-anti-CEA-Z-transduced T cells in 
controlling syngeneic mouse adenocarcinoma 

The efficacy of the scFv-anti-CEA-y- and -^-transduced T lym- 
phocytes was evaluated following adoptive transfer into B6 mice 
inoculated either i.p. or s.c. with MC-38-CEA2 adenocarcinoma 
cells. In the first model, i.p. transfer of 5 X 10 5 T cells transduced 
with the scFv-anti-CEA-7 receptor, 6 h (day 0) and 24 h (day 1) 
after i.p. inoculation of MC-38-CEA2 tumor, resulted in 40% sur- 
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FIGURE 3. Optimal rejection of colon carcinoma in scid mice by redi- 
rected T cells expressing the scFv-£ chimera. A, The growth of the CEA + 
human COLO 205 colon carcinoma cells in groups of 5-10 scid mice 
injected s.c. into the right flank with 5 X 10 6 tumor cells. B, Mice were 
additionally injected in the left flank with 10 6 CEA" 24JK sarcoma cells 
(■). Mice were injected i.v. with 5 X I0 6 BALB/c T cells transduced with 
the pLXSN vector alone (□), scFv-anti-CEA-7 chimera (O), or scFv-anti- 
CEA-f chimera (•) on days 0 and 1 after tumor inoculation. Untreated 
mice are depicted by filled squares (■) for either COLO 205 (A) or 24JK 
(B). For all experiments, results are represented as the mean tumor size 
(mm 2 ) ± SE. Arrows depict the days of T cell transfer and the number of 
tumors not eradicated is shown. 
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FIGURE. 4. Superior anti-tumor response by scFv-£-transduced T cells 
against i.p. syngeneic colon adenocarcinoma. The survival of B6 mice 
inoculated i.p. with 10 7 MC-38-CEA2 tumor in groups of 5-10 B6 mice. 
Mice were injected i.p. with 10 6 B6 T cells transduced with the pLXSN 
vector alone (□)» 5 X 10 4 (O) or 5 X 10 s (•) scFv anti-CEA-7 chimera, 
or 5 X 10 4 (A) or 5 X 10 s (A) scFv anti-CEA-f chimera on days 0 and 1 
after tumor inoculation. Untreated mice are depicted by filled squares (■). 
Results arerepresented as the percentage of survival and arrows depict the 
days of T cell transfer. 



vival (4 of 10 mice; Fig. 4). By comparison, intraperitoneal injec- 
tion of T cells (5 X 10 5 ; days 0 and 1) transduced with the scFv- 
anti-CEA-f receptor eradicated tumors, with 70% survival (7 of 1 0 
mice). The superior efficacy of the scFv-f chimera was further dem- 
onstrated by the 30% survival (3 of 1 0 mice) of mice i.p. injected with 
5 X 10 4 (days 0 and 1) scFv-f-transduced T cells (Fig. 4). The i.p. 
injection of 5 X lO^daysOand l)scFv-7-expressingT cells had little 
anti-tumor effect with no eradication of tumors. Both scFv-anti- 
CEA-y- and -^transduced T cells had no effect on the i.p. growth of 
the MC-38 parental line (data not shown). 

In the second and more stringent model, the i.v. transfer of T 
cells transduced with scFv-anti-CEA-7 effectively rejected s.c. 
MC-38-CEA2 tumor growth in an Ag-specific manner, consistent 
with our previous findings (20) (Fig. 5, A and £). Intravenous 
transfer of 5 X 10 6 transduced B6 scFv-7 T cells 6 h (day 0) and 
24 h (day 1) after tumor inoculation resulted in the complete re- 
jection of MC-38-CEA2 tumor in 3 of 10 mice. However, T cells 
transduced with scFv-anti-CEA-f receptor were more effective, 
with 6 of 10 mice free of MC-38-CEA2 tumor (Fig. 5^4). Again, 
the scFv-f-transduced T cells were also more efficient at inhibiting 
the growth of tumors escaping rejection. The antigenic-speciflcity 
of transduced T cells was maintained in this model with no effect 
on the growth of the CEA" parental MC-38 tumor in the opposite 
flank of these mice (Fig. 55). 

While we have demonstrated effective early treatment of human 
colon carcinoma and mouse adenocarcinoma using scFv-anti- 
CEA-7-transduced T cells, these T cells were previously only 
found to be moderately effective against 3-day established tumors 
(20). We thus compared the efficacy of scFv-anti-CEA-y- or -f- 
transduced T cells against established MC-38-CEA2 tumors (Fig. 
6A). Although no complete tumor eradications were achieved, the 
scFv-anu*-CEA-f-transduced T cells compared favorably, with a 
clear improvement in the control of tumor growth (up to a 2-fold 
reduction in mean tumor size 5-14 days after tumor inoculation) 
above that observed with scFv-anti-CEA-7-transduced T cells. 
Growth of the CEA" parental MC-38 tumor in the opposite flank 
of these mice was not affected (Fig. 65). 
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FIGURE 5. Transduced T cells expressing the scFv-anti-CEA-f chi- 
mera are more efficient at mediating eradication of s.c. syngeneic colon 
adenocarcinoma. The s.c. growth of 5 X 10 s (CEA + ) MC-38-CEA2 (right 
flank) (A) and 10 6 (CEA~) MC-38 (left flank) (B) colon adenocarcinoma 
cell lines in groups of 5-10 B6 mice. Mice were injected i.v. with 5 X 10 6 
B6 T cells transduced with the pLXSN vector alone (■), scFv anti-CEA-y 
chimera (O), or scFv anti-CEA-f chimera (•) on days 0 and 1 after tumor 
inoculation. Untreated mice are depicted by filled squares (■) for either 
MC-38-CEA2 (A) or MC-38 (B). 



Discussion 

Despite existing as subunits of multicomponent surface receptors, 
the TCR-f and FceRI-7 signaling chains have the capacity to me- 
diate critical biological effector cell activities, equivalent to but 
independent of the TCR and FcyR, respectively (12, 27). Most 
useful has been their incorporation into chimeric immune receptors 
that provide effective tools for designing new cellular immuno- 
therapies for cancer. By linking various signal transduction moi- 
eties to a constant extracellular binding domain that specifically 
regulates effector cell recognition of tumors, we have been able to 
assess the relative activity of each cytoplasmic domain in stimu- 
lating T cell function. Although both the FceRI-7- and TCR-f- 
chains have previously been shown to be capable of autonomous 
activation of T cells (14-21), the signaling efficacy of the 7 and £ 
subunits has never been directly compared in vivo using primary T 
cell effectors. Importantly, in this study, high and equivalent ex- 
pression of both the scFv-f and scFv-7 chimeric receptors was 
achieved in mouse T lymphocytes using retroviral gene transduc- 
tion, and we have clearly demonstrated the TCR-f molecule to be 
a more effective activator of T cell anti-tumor function than 
FceRI-7. m particular, the significant improvement in the anti- 
tumor activity of scFv-f-transduced T cells against established tu- 
mor grafts was encouraging and efforts to further improve chimera 
design can be adequately tested in these tumor models. Although 
these tumor models suggest scFv-transduced T cells can prevent 
tumor initiation at a distant site, the eradication of more established 
tumors and their metastases is the ultimate goal of this approach. 

Although primarily associated with the FC7RI in neutrophils and 
macrophages (28, 29), expression of FceRI-7 has been detected in 
the cytotoxic T cell line, CTLL (30), and in T cell populations such 
as early thymocytes (31), NK1 . 1 + thymocytes and T cells (32, 33), 
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FIGURE 6. Optimal growth inhibition of established s.c. syngeneic co- 
lon adenocarcinoma by scFv-anti-CEA-£-transduced T cells. The s.c. 
growth of 5 X IO 6 (CEA + ) MC-38-CEA2 (right flank) (A) and 10 6 (CEA~) 
MC-38 (left flank) (£) colon adenocarcinoma cell lines in groups of 5-10 
B6 mice. Mice were injected i.v. with 5 X 10 6 B6 T cells transduced with 
the pLXSN vector alone (□), scFv-anti-CEA-y chimera (O), or scFv-anti- 
CEA-f chimera (•) on day 3 after tumor inoculation. Untreated mice are 
depicted by filled squares (■) for either MC-38-CEA2 (A) or MC-38 (B). 



and lymphokine-activated y8-TCR + T cells (34). These studies 
support a potentially broad biological role for 7 in T cell-mediating 
effector activity and thus provided scope for comparing the sig- 
naling efficacy of the y and f signaling moieties in primary T 
lymphocytes. The observation that the TCR-f-chain was a superior 
signal transducer in mouse T lymphocytes was also consistent with 
previous in vitro studies performed in T cell lines, neutrophils, and 
NK cell effector populations (19, 22). The observation that f was 
more effective than y may not be surprising given that the mul- 
timerization of ITAMs in the f-chain may provide a potential 
means of signal amplification, which may increase the sensitivity 
of the scFv-f chimera to ligand stimulation (35-37). A previous 
study has shown the qualitative differences within 7 and f to ac- 
count for the markedly more efficient phagocytic signaling capa- 
bility of the 7 subunit (9); however, T cell-mediated phagocytosis 
was not assessed in this study. An interesting future experiment 
will be to construct a scFv-f chimera composed of a single IT AM 
to determine whether IT AM multimerization normally provides 
the scFv-f chimera superior signaling efficacy compared with the 
single ITAM containing scFv-y chimera. Previously, we demon- 
strated the critical importance of both direct cytotoxicity mediated 
by perforin and T ceil IFN-7 production to effective tumor control 
in vivo (20). Importantly, in this study it was shown that IFN-y 
was not required for the cytotoxic capacity of scFv-transduced T 
cells, since those from IFN-y-deficient mice were as lytic as ef- 
fectors from wild-type mice. In this light, the greater direct cytol- 
ysis and IFN-y secretion triggered by the f-chain chimera in T 
cells may at least in part explain the enhanced in vivo activity of 
these transduced T cells. It remains to be assessed whether f-con- 
taining chimeras provide a greater proliferative and more effective 
survival signal than scFv-y receptors. Mice cured of tumor did not 
resist subsequent tumor rechallenge (data not shown), suggesting 
that long-lived effector cells and memory cells were not present. 
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However, repeated adoptive transfer, coadministration of T cell 
help/cytokines and/or modified scFv chimera design will be pur- 
sued to strive for more effective and sustained tumor protection. 

Given the design of the y- and f -containing chimeras used in 
this study, the ability to harness the signaling machinery of the 
TCR may hypothetical ly account for the superior signaling capa- 
bilities of the f subunit in the mouse T lymphocytes. Each chimeric 
receptor contained the complete y- or f -chain transmembrane se- 
quence, sufficient to enable the dimerization of the chimeras with 
endogenous y- or f -chains of the TCR expressed on the transduced 
T cells (30, 38). In our tumor model, antigenic specificity of the 
redirected CTL was demonstrated by the rejection of CEA + colon 
carcinomas but not CEA~ tumor inoculated in the opposite flank 
of these mice. However, we cannot discount the potential involve- 
ment of endogenous TCR signaling activity in these antitumor re- 
sponses, initiated by Ag ligation of the chimeric scFv receptors. 
Importantly, ligation of CEA did not appear to cotrigger any en- 
dogenous TCR reactivity with self tissues in the syngeneic mouse 
tumor model. The higher binding affinity of scFv-receptors, com- 
pared with native TCR, for ligand could potentially influence the 
potency of the biochemical responses mediated by particular T cell 
effector populations (39, 40). We are currently assessing scFv chi- 
mera expression in TCR-transgenic T cells to determine whether 
endogenous T cell activity is triggered or dampened. Neither syn- 
geneic nor xenogeneic CEA + tumor models assessed autoimmu- 
nity via CEA ligation, since this Ag is tumor specific in B6 or scid 
mice, respectively. However, autoimmunity is a potential problem 
for this scFv approach in general, while tumor-restricted Ags re- 
main limiting. In the future, models should be established that take 
this reality into consideration although bystander autoimmunity is 
only most accurately defined in clinical trials. Unlike vaccination 
strategies, if autoimmunity did arise, adoptively transferred scFv- 
expressing T cells could be tailored with suicide genes. 

With the rapid development of new lentiviral vector systems, the 
transfer of scFv chimeras into nondividing and/or human T lym- 
phocytes is now a reality. Designed chimeric immune receptors, 
containing cytoplasmic domains that can optimally stimulate T cell 
effector function, proliferation, and survival, can be tested in these 
settings and ultimately be exploited to enhance the potency and 
safety of this adoptive immunotherapy in the clinic. 
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ABSTRACT 

Synthetic peptide vaccines targeting B-cell epitopes of the extracellular 
domain of the HER-2 oncoprotein were evaluated for their capacity to 
elicit HER-2-specific antibodies with antiproliferative activity. Several 
HER-2 B-cell epitopes were identified by computer-aided analysis of 
protein antigenicity, and selected B-cell epitopes were synthesized colin- 
early with a promiscuous T-helper epitope (208-302) derived from the 
measles virus fusion protein at either the NH 2 or COOH terminus linked 
via a four-residue turn sequence (GPSL). In addition, one epitope se- 
quence, 628-647, was mutated to optimize disulfide pairing to mimic the 
native HER-2 receptor. All of the four selected epitopes elicited high- 
titered antibodies in outbred rabbits with exceptionally high titers for 
MVF-HER-2(628-647). These antibodies were cross-reactive with the 
native HER-2 receptor. Antibodies elicited by MVF HER-2(628-647) 
inhibited proliferation of human HER-2-overexpressing breast cancer 
cells in vitro and caused their antibody-dependent cell-mediated cytotox- 
icity. Furthermore, immunization with MVF-HER-2(628-647) prevented 
the spontaneous development of HER-2/neu-overexpressing mammary 
tumors in 83% of transgenic mice. The engineered, chimeric peptide 
B-cell immunogen MVF-HER-2(628-647) may have applications in the 
prevention of HER-2-overexpressing cancers. 

INTRODUCTION 

HER-2 is a A4 185,000 transmembrane phosphoglycoprotein en- 
coded by the erbB-2 gene, the human homologue of the rat proto- 
oncogene neu. HER-2 is a member of the EGFR 4 (EGFR/er£B-l) 
family. It is composed of an ECD that is cysteine rich and has several 
glycosylation sites and an intracellular domain with a highly con- 
served tyrosine kinase (1, 2). Although a direct ligand for HER-2 has 
not been described, it has been shown to function as a preferential 
heterodimerization signaling partner with EGFR, HER-3, and HER-4 
by providing a low-affinity ligand binding site (3, 4). In humans, 
HER-2 is expressed in fetal tissues and at low levels in normal tissues 
of adults (5). Overexpression of HER-2 is associated with 20-30% of 
breast and ovarian cancers and, to a lesser extent, with adenocarci- 
noma of uterus, cervix, fallopian tube, and endometrium (6-8). In 
patients with breast cancer, HER-2 overexpression is an independent 
predictor of survival; it is associated with poor prognosis, aggressive 
disease, and resistance to chemotherapy and hormone therapy (8-10). 
How HER-2 alters the growth of normal or cancer cells is not entirely 
clear. HER-2 overexpression may provide tumors with a selective 
growth advantage through increased utilization of stromal-derived 
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epidermal growth factor-like growth factors or ligand-independent 
receptor homodimerization (11, 12). 

HER-2 is an attractive target for immunotherapeutic approaches. 
Antibodies directed against the ECD of HER-2 have been shown to 
confer inhibitory effects on tumor growth in vitro and in animal 
models (13—18). In Phase II and Phase III clinical trials, a recombinant 
humanized anti-HER-2 monoclonal antibody, Trastuzumab, produced 
an overall response rate of 15% as a single agent in patients with 
metastatic HER-2-overexpressing breast cancers and has been shown 
to improve survival when combined with cytotoxic chemotherapeutics 
(19-21). The molecular mechanisms underlying these growth-inhib- 
itory effects are not well understood. Initial studies showed that 
antibodies to HER-2 could cause receptor internalization and degra- 
dation with reduced phosphorylation resulting in the inhibition of 
tumor cell growth (14, 22, 23). There is evidence that HER-2 anti- 
bodies can block heterodimer formation, interfere with ligand binding, 
or trigger apoptosis (24-26). HER-2 antibodies also mediate comple- 
ment-dependent cytotoxicity and/or ADCC (27-29). 

Active specific immunotherapy offers the possibility of generating 
sustained anti-HER-2 immune responses and is potentially more ef- 
fective than passive approaches, particularly when the application is 
primary or secondary cancer prevention. A number of vaccine ap- 
proaches targeting pi 85 HER-2 or the HER-2 ECD have been eval- 
uated. Strain NFS mice immunized with a vaccinia virus recombinant 
that expresses the ECD rat neu developed a protective antibody 
response against subsequent challenge with new-transformed NIH 3T3 
cells (30). However, immunization of BDIX rats with the same 
immunogen did not result in antibody response, nor did it inhibit the 
growth of syngeneic neu-expressing B104 neuroblastoma cells, sug- 
gesting that this strategy was insufficient to induce immune responses 
in the rat. A polysaccharide-oncoprotein complex vaccine consisting 
of the 147 NH 2 -terminal amino acids of HER-2 ECD complexed with 
cholesteryl group-bearing mannan and pullulan induced cellular and 
humoral immune responses that mediated rejection of HER-2- 
expressing sarcomas in BALB/c mice (31). Partial protection was 
shown in rat neu transgenic mice destined to develop mammary 
tumors by immunizing them with either a purified rat neu ECD (32) 
or neu-transfected allogeneic mouse fibroblasts (33). 

Despite the evidence presented above, it is not entirely clear 
whether effective immune responses can be generated in humans 
using cell- or protein-based vaccine strategies targeting pi 85 HER-2 
or the HER-2 ECD because HER-2 is a nonmutated "self antigen. 
Moreover, some antibodies elicited to HER-2 have been shown to 
stimulate rather than inhibit the growth of human tumors, and HER-2 
vaccines presenting multiple epitopes could potentially elicit a mix- 
ture of counterproductive humoral responses (22). Immunization to 
self tumor antigens may require a vaccine design that targets a portion 
of the protein rather than whole protein domains of the antigen. There 
may be advantages to the use of subunit peptide-based immunogens 
when targeting HER-2 not only to elicit a desired immune response 
but also to circumvent tolerance to native protein. Disis et al (34) 
have shown that immunization of rats with multiple T-helper peptides 
derived from the rat neu protein elicited strong humoral and CD4+ 
responses; in contrast, immunization with purified whole rat neu 
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protein in parallel experiments failed to elicit detectable immune 
responses. Recently, these investigators also showed that immuniza- 
tion of breast and ovarian cancer patients with multiple HER-2 pep- 
tides selected for binding to MHC class II molecules elicited both 
peptide- and protein-specific T-helper cell responses (35). Whether 
immune responses elicited by peptide immunogens incorporating hu- 
man HER-2 T-helper cell epitopes will be of sufficient potency to 
mediate antitumor activity in humans is not known. The genetic 
MHC-restricted stimulatory activity of human self-peptides corre- 
sponding to T-cell epitopes is also a major obstacle to developing 
T-cell peptide vaccine approaches for use in an "outbred" human 
population. 

We hypothesized that a rationally designed peptide vaccine target- 
ing specific B-cell determinants from the HER-2 ECD could induce 
antibodies capable of inhibiting the growth of HER-2-expressing 
cancers. To augment antibody responses and overcome MHC genetic 
polymorphism, "promiscuous" T-helper peptide epitopes from a non- 
human molecule may be incorporated. The B-cell HER-2 epitopes 
were designed with a minimal number of point mutations to facilitate 
folding of the peptide into a stable conformation to mimic the native 
protein structure. They were synthesized colinearly with a promiscu- 
ous T-helper cell epitope derived from amino acid sequence 288-302 
of the measles virus fusion protein. MVF has previously been shown 
to interact with several distinct human MHC class II alleles (36). 
Furthermore, we have shown that MVF-conjugated B-cell epitope 
peptide constructs could be used to bypass certain haplotype-restricted 
immune responses and provide broad immunogenicity in a large 
number of individuals typical of an outbred population (37-42). Here 
we demonstrate that chimeric peptide immunogens targeting a single 
HER-2 B-cell epitope and incorporating a promiscuous T-helper 
epitope are capable of eliciting high-titered, native receptor-specific 
humoral responses in outbred rabbits. Antibodies elicited by one of 
these immunogens, MVF HER-2(628 - 647), could selectively inhibit 
the growth of HER-2-overexpressing cells. Moreover, active immu- 
nization with this peptide construct prevented the development of 
tumors in a transgenic mouse model of HER-2/neu mammary tumor- 
igenesis. 

MATERIALS AND METHODS 

B-cell Epitope Prediction and Peptide Synthesis. The selection of can- 
didate B-cell epitopes expressed within the human HER-2 ECD was accom- 
plished by computer-aided analysis using various correlates of protein anti- 
genicity as reviewed by Kaumaya et al (43). The basic premise is that 
algorithms used in this analysis will always locate regions that are surface- 
exposed on the protein and therefore most likely to be involved in antibody 
binding. Selected B-cell epitopes were synthesized colinearly with the T-helper 
epitope MVF using a 4-residue amino acid linker (GPSL) as described previ- 
ously (44) either on a Milligen/Biosearch 9600 peptide synthesizer (Bedford, 
MA) or a multiple peptide synthesizer (Model 396; Advance Chemtech, 
Louisville, KY) using a 4-methylbenzhydrylamine resin as the solid support 
(substitution, 0.54mm/g). The Fmoc/t-butyl synthetic method was used, using 
4-(hydroxymethyl) phenoxyacetic acid as the linker. After the final deprotec- 
tion step, protecting groups and peptide resin bond were cleaved with 90% 
triflouroacetic acid, 5% anisole, 3% thioanisole, and 2% ethanedithiol. The 



TOPE VACCINE 

crude peptides were purified by reverse-phase high-performance liquid chro- 
matography and were >95% pure before immunization. The identity of the 
peptides was confirmed by krotos IV MALDI-TOF matrix-assisted laser 
desorption ionization-time of flight spectrometry at the Complex Carbohydrate 
Research Center (Athens, GA). 

Immunization of Rabbits and Transgenic Mice. Female New Zealand 
White rabbits were obtained from Mohican Valley Rabbitry (Loudenville, 
OH). Pairs of rabbits were immunized s.c. at multiple sites with a total of 1 mg 
of each of the four chimeric peptides (Table 1) emulsified in complete 
Freund's adjuvant Subsequent booster injections, 1 mg and 500 /ig of the 
peptide in PBS, were given 3 and 6 weeks after the primary immunization. 
Sera were collected, and complement was inactivated by heating to 56°C for 
30 min. High-titered sera were purified on a protein A/G-agarose column 
(Pierce, Rockford, IL), and eluted antibodies were concentrated and exchanged 
in PBS using A£ 100,000 cutoff centrifuge filter units (Millipore, Bedford, 
MA). The concentration of antibodies was determined by the Coomassie plus 
protein assay reagent kit (Pierce). Transgenic mice (strain N202) overexpress- 
ing the rat neu gene under the transcriptional control of the mouse mammary 
tumor virus promoter were purchased from The Jackson Laboratory (Bar 
Harbor, ME). Groups of six transgenic mice, each 4-6 weeks old, were 
immunized separately with 100 /ig of HER-2(U5-136) MVF, HER-2(410- 
429) MVF, and MVF HER-2(628-647). The peptides were dissolved in PBS 
with 100 /ig^of muramyl dipeptide adjuvant N-acetyl-glucosamine-3 yl-acetyl 
L-alanyl-D-isoglutamine and emulsified (50:50) in Squalene/Arlacel A oil (4:1) 
as described elsewhere (45). Nine mice were injected with MVTW-acetyl- 
glucosamine-3 yl-acetyl L-alanyl-r>isoglutamine emulsion as immunized con- 
trols. Boosters were given s.c. after 4, 8, 16, and 24 weeks. Two more boosters 
were also given at 32 and 40 weeks with only MVF HER-2(628- 647) to 
sustain the high-titered immune responses. Mice were retro-orbitally bled 
monthly for antibody titer determination. Tumor size (length and width) was 
measured with vernier calipers. Individual tumors volumes were calculated by 
the formula (length X width 2 /2). 

ELISA. The 96-well plates were coated with 100 jxl of antigen at 2 jig/ml 
in PBS overnight at 4°C. Nonspecific binding sites were blocked for 1 h with 
200 p.1 of PBS- 1% BSA, and plates were washed with PBT. Rabbit antiserum 
(1 :500) or mouse antiserum (1:50) in PBT was added to antigen-coated plates 
in duplicate wells, serially diluted 1:2 in PBT, and incubated for 2 h at room 
temperature. After washing the plates, 100 /il of 1:500 goat antirabbit or goat 
antimouse IgG conjugated to horseradish peroxidase (Pierce) were added to 
each well and incubated for 1 h. After washing, the bound antibody was 
detected using 50 /xl of 0.15% H 2 O z in 24 mM citric acid and 5 mM sodium 
phosphate buffer (pH 5.2) with 0.5 mg/ml 2^'-aminobis(3-ethylbenzthiazo- 
line-6-sulfonic acid) as the chromophore. Color development was allowed to 
proceed for 10 min, and the reaction was stopped with 25 /xl of 1% SDS. 
Absorbance was determined at 410 nm using a Dynatech MR700 ELISA 
reader (Chantilly, VA). Titers were defined as the highest dilution of sera with 
an absorbance of greater than 0.2 after subtracting the background. 

Mouse Isotyping. MVF HER-2(628-647) antibodies raised in transgenic 
mice were typed using a Mouse Typer Sub-Iso typing Kit (Bio-Rad, Hercules, 
CA). The assay was performed according to the manufacturer's instructions, 
except that a 1:1000 dilution of goat antirabbit IgG horseradish peroxidase 
conjugate was used. 

Cell Culture. All cell culture media, FCS, and supplements were pur- 
chased from Life Technologies, Inc. (Grand Island, NY). The human breast 
adenocarcinoma cell lines SK-BR-3 and BT-474 overexpressing HER-2 and 
the rat neu-overexpressing fibroblast cell line DHFR-G8 were purchased from 
American Type Culture Collection (Manassas, VA) and maintained according 
to the suppliers* guidelines. CAV-1 was derived from a fresh colon tumor 



Table I Amino acid sequences and the structural attributes of chimeric B-cell epitope constructs used in this work 



MVF sequence is italicized. AMinked glycosylation sites are shown in bold. The cysteine to glycine mutation in HER-2(628-647) is underlined. 



B-cetl epitope constructs 


Amino acid sequence 


Predicted secondary structures 


K 


HER-2(1 15-136) MVF 
HER-2(376-395) MVF 
HER-2(410-429) MVF 
MVF HER-2(628-647) 


H 3 N-AVIJ5NGDPLNOTTPVTGASPGG-GPSL-J^ 

H 2 N- FLPES FDGDPASNTAPLQPE - GPSL - KLLSLIKGVIVHRLEGVE- COOH 
H 2 N-LYISAWPDSLPDLSVFQNI^-GPSL-i<IiSLJJCGVIV7JRL£:GVB-C00H 
H 2 N- iOL5Lr^G VI VHHLKGVE-LSPG- INGTHSCVDLDDKGCPAEQR -COOH 


117-1 19 turn; 123-129 0 sheet 

376-379 & 389-395 a-hclix; 382-384 turn 

421-429 0 sheet 

632-434 0 sheet; 635-637 & 642-646 a helix; 
638-639 turn 


4407 
4472 
4646 
4498 
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Fig. 1. Immune responses to HER-2 peptide constructs (indicated at the top of each panel) in two different rabbits (■ and □) were determined by ELISA. Designation is shown 
on the X axis (e.g.. l+3w on the X axis radicates sera collected 3 weeks after the first immunization). 



specimen that was cryopreserved and subsequently cultured. This cell line does 
not express detectable levels of HER-2/nei/. CAV-1 was maintained in RPMI 
1640 with 10% FCS and L-glutamine, 

Immunoprecipitation and Western Blotting. SK-BR-3 or DHFR-G8 
cells (1 X 10 7 ) suspended in 100 \j\ of HBSS per sample were lysed in 1 ml 
of ice-cold 0.5% NP40 lysis buffer [150 mM NaCl, 50 idm Tris (pH 8), 10 mM 
EDTA, 10 mM Na PP ( , 10 mM sodium fluoride, 1% NP40, and 0.1% SDS] 
containing 10 jig/ml each of aprotinin and leupeptin. Lysis was achieved by 
gentle rotation at 4°C for 20 min. After centrifugation (14,000 X g, 10 min) to 
remove cell debris, lysates were incubated with 10 of antipeptide antibody 
and 30 /il of protein A/protein G (Calbiochem, La Jolla, CA) overnight. Beads 
were pelleted by centrifiigation (14,000 X g 30 s), washed twice in lysis buffer 
containing 1 mM Na 3 V0 4 , and boiled in SDS sample buffer for 3 min. Proteins 
were resolved by 7.5% SDS-PAGE, transferred to nitrocellulose, and then 
probed with HER-2- or rat neu-specific monoclonal antibodies (Calbiochem). 
Protein transfer was monitored with prestained molecular weight standards 
(Bio-Rad). Immunoreactive bands were detected by enhanced chemilumines- 
cence (Pierce) using horseradish peroxidase-conjugated goat antirabbit immu- 
noglobulins. 

Flow Cytometry. This procedure was adopted from that described by 
Hudziak et al (13). Briefly, 5 X 10 3 SK-BR-3 or DHFR-G8 cells were 
incubated with either 2.5 Mg of rabbit antipeptide antibodies or a 1 :40 mouse 
sera dilution and HER-2-specific mouse monoclonal antibody Ab-2 and rat 
neu-specific monoclonal antibody Ab-4 (Calbiochem) were used as positive 
controls, and isotypic IgG was used as a negative control for 1 h at 4°C in 100 
/xl of PBS/1% FCS. The cells were washed twice in PBS and incubated with 
FITC-labeled secondary antibody (1:50 dilution) for 30 min at 4°C in 100 jil 
of PBS/1% FCS. The cells were washed twice, fixed in 2% formaldehyde, and 
analyzed by a Coulter ELITE flow cytometer (Coulter, Hialeah, FL). A total of 
10,000 cells were counted for each sample, and final processing was per- 
formed. Debris, cell clusters, and dead cells were gated out by light scattered 
assessment before single-parameter histograms were drawn and smoothened. 

Cell Proliferation Assay. SK-BR-3 and CAV-1 cells were plated at 5000 
cells/well in V-bottomed plates with antipeptide antibodies at 10 jig/ml on day 
0. On day 3, cells were pulsed with [ 3 H]thymidine (1 /xCi/well) for 6 h and 
then placed in a — 20°C freezer for 1 h. After thawing at room temperature, 
cells were harvested using a PHD cell harvester. Samples were incubated in 5 



ml of Ready Safe liquid scintillation mixture (Beckman, Fullerton, CA), and 
radioactivity was determined by using a beta counter. Results are expressed as 
the percentage of inhibition [(untreated — treated)/un treated X 100] of tripli- 
cate samples. 

ADCC Assay. PBMCs were isolated from heparinized whole blood ob- 
tained from normal human donors by density gradient sedimentation using 
Ficoll-Hypaque (Pharmacia Biotech, Piscataway, NX). The purified PBMCs 
were washed twice with culture medium (RPMI 1640-1% FCS) and serially 
diluted into 96-weIl plates to give E:T ratios of 50:1, 25:1, 12.5:1, or 6.25:1. 
Protein A/G purified Her-2(628-647) peptide antibodies from immunized 
transgenic mice and the clinically applied HER-2 monoclonal antibody Tras- 
tuzumab (Genentech Inc, South San Francisco, CA) were added at 2 p,g/well. 
Target cell lines (SK-BR-3 or BT-474) were labeled with 200 jiCi of 
Na 5! Cr0 4 (New England Nuclear Life Science Products, Boston, MA) by 
incubating them for 45 min in a C0 2 humidified chamber at 37°C and washed 
three times in the cultured medium. A total of 0.1 ml of target cells (lOVml) 
was added per well for a final volume of 0.2 ml/well. Target cells were 
incubated with PBMCs in absence of antibodies to assess nonspecific lysis. 
The plates were incubated for 4 h at 37 C C, and then the supematants were 
harvested, and the radioactivity was determined using a gamma counter. The 
percentage of lysis or cytotoxicity was calculated as follows: Cytotoxicity 
(%) = (A - BiC - B) X 100, where A represents 51 Cr (cpm) from test 
supematants, B represents spontaneous release ( 3l Cr from target cells without 
antibody treatment), and C represents maximum release ( 5, Cr from target cells 
lysed with 5% Triton-Xl 14). Each treatment was preformed in triplicate and 
averaged before calculating the percentage of lysis. 

RESULTS 

Chimeric HER-2 B-cell Epitope Constructs. Four of the 12 
highest scoring (of the 144 analyzed) HER-2 ECD B-cell epitope 
sequences, amino acid sequences 115-136, 376-395, 410-429, and 
628-647, were selected for evaluation (Table 1). Amino acid se- 
quence alignment indicated that epitope 115-136 is highly variable 
between EGFR, HER-2, HER-3, and HER-4. Therefore, this sequence 
was hypothesized to have some unique function in HER-2 such as 



HER-2 B-CELL EPITOPE VACCfNE 




Fig. 2. Binding of peptide antibodies to the HER-2 receptor was 
determined by immunoprecipitation (top) and flow cytometry (bottom) 
using SB-BR-3 cells. IgG is an isotype antibody control. Ab-1 is a 
HER-2-spccific monoclonal antibody used as a positive control for 
immunoprecipitation and Western blotting. Ab-2 is a mouse monoclonal 
antibody specific to the HER-2 ECD used as a positive control in flow 
cytometry. 




ligand binding. Antibodies raised to this region were hypothesized to 
inhibit tumor growth by blocking HER-2 receptor signaling. Epitope 
628-647 was chosen because of its proximity to the cell membrane. 
Antibodies binding to the juxtamembrane region were hypothesized to 
cause receptor aggregation and perturb the cell membrane more 
effectively, leading to HER-2 receptor endocytosis and degradation. 
Epitope sequences 376-395 and 410-426 were chosen because of 
their relative immunogenic potential, based on our predictive rank- 
ings. Neither of these two sequences contained cysteines or potential 
^-linked glyeosylation sites, and these two sequences were predicted 
to form one secondary structural element, either an a-helix (sequence 
376-395) or a 0-sheet (sequence 410-429). HER-2 sequences 1 15— 
136, 376-395, and 410-429 were synthesized with the promiscuous 
T-helper cell epitope, MVF, at the COOH terminus, and sequence 
628-647 was synthesized with MVF at the NH 2 terminus. The 
orientation of the T-helper cell epitope was chosen based on se- 
quence-dependent difficulties for assembly of the peptide. However, 
the orientation of MVF does not affect the immunogenicity of the 
peptide constructs (46). These chimeric peptides incorporate a 4- 
residue linker (GPSL), in which glycine and proline in the linker 
potentiate a J3 turn in the oligopeptide, whereas serine in that position 
will favor hydrogen bonds with the free NH of the backbone. Leucine 
in the sequence was chosen because its side chain in that position is 
completely buried in the hydrophobic core and must be hydrophobic. 
The flexible nature of the linker allows for independent folding of the 
T-helper cell and B-cell epitopes (43, 46). HER-2 sequence 628-647 



contains three cysteines whose disulfide bond pairing was unknown. 
Cys-634 and Cys-642 were hypothesized to form a suitable disulfide 
bridge, based on their proximity and predicted secondary structure. 
Thus, Cys-630 was mutated to glycine because the relatively small 
size of the R group of glycine causes minimal steric hindrance to 
formation of predicted /3-sheet structure. Sequences 115-136 and 
628-647 have potential TV-linked glyeosylation sites 124-NNTT-127 
and 629-NCTH-632 respectively; however, the latter site is a poor 
sugar acceptor due to steric hindrance caused by the propensity of 
cysteine to form disulfide bonds (47). The crude peptides were puri- 
fied by reverse-phase high-performance liquid chromatography and 
were >95% pure before immunization. The identity of the peptides 
was confirmed by mass spectrometry. The amino acid sequences, 
predicted secondary structures, posttranslational modifications, and 
the molecular weights of the MVF-conjugated HER-2 peptide con- 
structs are indicated in Table 1 . 

Immunogenicity of Chimeric HER-2 B-cell Epitope Peptides in 
Outbred Rabbits. The HER-2 oligopeptides were highly immuno- 
genic, as evidenced by antibody titers of over 100,000 (Fig. 1). 
HER-2(1 15-136) MVF elicited immediate and high antibody titers 1 
week after the first booster in one of the two rabbits; however, the 
antibody response to this construct rose slowly in the other rabbit to 
high titers by 2 weeks after the second booster. The HER-2(376-395) 
MVF immune response was characterized by a slightly longer lag 
phase with an eventual rise in antibody titers to maximal levels after 
the tertiary boost. The antibody response to HER-2(410-29) MVF 
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Fig. 3. Growth-inhibitory effects of peptide antibodies on SK-BR-3 and CAV-1 cells 
were determined by standard [ 3 H] thymidine proliferation assay. Results are expressed as 
the percentage of inhibition [untreated - treated/untreated X 100] of averaged triplicate 
samples. SDs arc indicated by error bars. 



was relatively low in both rabbits with maximum titers approaching 
30,000 within 2 weeks after the tertiary boost. MVF HER-2(628- 
647) produced the most immediate and vigorous response, with ex- 
ceptionally high titers of over 250,000 that remained at maximal 
levels in both rabbits through 4 weeks after tertiary boost. The 
polyclonal IgG sera did not cross-react with the MVF T-cell sequence. 

Binding of Peptide Antibodies to Native HER-2 Receptor. Pep- 
tide-based vaccines will be effective only if the antibodies elicited by 
peptide immunogens bind the HER-2 receptor. Three different meth- 
ods were used to test the binding of antipeptide antibodies to the 
native protein. First, the capacity of HER-2 peptide antibodies to 
immunoprecipitate HER-2 protein from the lysates of SK-BR-3 cells, 
a human breast cancer cell line overexpressing HER-2, was assessed. 
All of the peptide antibodies, except antibodies to HER-2( 115-136) 
MVF, efficiently immunoprecipitated the native receptor from SK- 
BR-3 cells (Fig. 2). The lower band in the doublet is probably an 
isoform or underglycosylated counterpart due to high-level expression 
of HER-2 in SK-BR3 cells and has been observed by others (13, 34). 
Second, binding of the peptide antibodies to the intact HER-2 receptor 
was determined by immunofluorescence staining of single cell sus- 
pension of SK-BR-3 cells. Antibodies generated against HER-2(376- 
395) and HER-2(628-647) bound the receptor well within 1 log of 
HER-2-specific mouse monoclonal antibody Ab-2 (Fig. 2). However, 
antibodies to HER-2(4 10-429) showed weak binding and might be 
related to low titers elicited by rabbits against this immunogen (Fig. 
1), whereas antibodies to HER-2(1 15-136) did not bind the receptor, 
confirming the immunoprecipitation results. Third, the binding of the 
peptide antibodies to a recombinant glycosylated HER-2 ECD was 
determined by an indirect ELISA. The pattern of reactivity of peptide 
antibodies with the protein paralleled that observed with immunopre- 
cipitation and immunofluorescence staining (data not shown). 

Effect on Breast Cancer Cell Proliferation. The effect of the 
peptide antibodies on tumor growth was examined in vitro with a 
standard [ 3 H]thymidine proliferation assay using HER-2-overexpress- 



ing SK-BR-3 cells and CAV-1, a colon cancer cell line that expresses 
low levels of HER-2 as a control. Antibodies elicited by HER-2(376- 
395) MVF and MVF HER-2(628-647) were able to reduce the 
proliferation of SK-BR-3 cells by about 40% and 30%, respectively, 
compared with untreated cells (Fig. 3). In contrast, slight increases in 
proliferation were observed with the antibodies elicited by HER- 
2(410-429) MVF. The antipeptide antibodies [with the exception of 
anti-HER-2(376-395) MVF] had minimal effects on CAV-1 cells, 
suggesting the possibility that peptide antibodies against MVF HER- 
2(628-647) selectively modulate the growth of HER-2-overexpress- 
ing rumor cell lines. 

Effects of MVF-HER-2 Peptide Constructs in Rat neu Trans- 
genic Mice. A transgenic mouse model (designated N202) developed 
by Guy et ai (48) that expresses mammary tumors similar to human 
breast cancer was used to test in vivo antitumor effects. Focal mam- 
mary tumors arise in at least 50% of the female transgenic mice 
around 28 weeks of age due to overexpression of the rat neu gene 
under the transcriptional control of the murine mammary tumor virus 
3' long terminal repeat. Three of the HER-2 peptide sequences (376- 
395, 410-429, and 628-647) have >80% homology to the analogous 
regions in -rat neu (2). We examined whether the antibodies raised 
against the HER-2 peptides were capable of recognizing the rat neu 
receptor because there was a 20% amino acid sequence disparity. As 
depicted in Fig. 4, antibodies elicited with HER-2 sequences 1 15-136, 
410-429, and 628-647 were able to immunoprecipitate the rat neu 
receptor from the neu gene-overexpressing DHFR-G8 fibroblast cell 
line. 

Based on these results, female transgenic mice were immunized 
with HER-2(i 15-136) MVF, HER-2(4 10-429) MVF, and MVF 
HER-2(628-647), or MVF. MVF HER-2(628-647) elicited high- 
titered antibody responses against the immunogen of over 50,000 as 
early as 2 weeks after the second booster, and the antibody titers 
reached more than 250,000 after the third booster (Fig. 5). Antibodies 
against MVF HER-2(628-647) also reacted with recombinant HER-2 
ECD with titers over 10,000 (Fig. 5) and the intact HER-2 and rat neu 
receptors of cells (data not shown). The transgenic mice did not mount 
appreciable antibody responses against immunogens HER-2(115- 
136) MVF and HER-2(4 10-429) MVF. Antibody titers against both 
these immunogens were below 4000 even 6 weeks after the fourth 
booster (data not shown). 

By 48 weeks of age, all of the transgenic mice immunized with 
MVF emulsion, HER-2(1 15-136) MVF and HER-2(4 10-429) MVF, 
developed tumors of at least 10 millimeters in size. Most notably, in 
correlation with the in vitro inhibition of tumor cell proliferation (Fig. 
3), 83% (five of six) transgenic mice immunized with MVF HER- 
2(628 -647) were completely free of tumors (Fig. 6). MVF HER- 
2(628-647>vaccinated mice showed a significantly longer tumor- 
free interval compared with mice immunized with MVF emulsion 
(P = 0.0025). No tumors were detectable in these mice during the 52 
weeks of observation. Although there was a delay in the onset of 
tumors in the one mouse immunized with MVF HER-2(628-647) 
compared to other groups there was no significant difference in the 
kinetics of tumor growth after their occurrence (data not shown). 
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Fig. 4. Cross-reactivity of HER-2 peptide antibodies with rat neu receptor was determined by immunoprecipitation from the neu gene-overexpressing cell line DHFR-G8. Ab-4 is 
a monoclonal antibody specific to rat neu, and IgG is an isotypc antibody control. The protein bands migrating just below the M r 208,000 marker arc shown by Western blotting with 
Ab-1, which also recognizes rat neu. 
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Fig. 5. Immune responses to MVF HER-2(628-647) in six transgenic mice (repre- 
sented by individual bars) were determined by titering the sera against the corresponding 
immunogen (top) and glycosylated recombinant HER-2 ECD (bottom) by an indirect 
ELISA. 



DISCUSSION 

The use of peptide immunogens in humans is considered problematic 
because they have been historically considered to be weak immunogens. 
Antibodies elicited in animals by immunization with synthetic peptides 
have generally been shown to have low affinity to the native protein, 
partly because antibody recognition sites are usually of the conforma- 
tional type, and the peptide irnrrrunogens lacked defined structure in 
solution. Peptides must mimic the native conformation of the protein for 
their respective antibodies to bind target antigens with an affinity high 
enough to be biologically significant The genetically restricted stimula- 
tory activity of peptides is also a major obstacle to developing vaccine 
approaches for use in an outbred human population (49). Covalent 
conjugation of B-cell epitope peptides to large carrier molecules is 
sometimes used to address this problem but often results in hypersensi- 
tivity, conformational changes, appearance of undefined structures, loss 
of epitopes, inappropriate presentation of epitopes, and batch-to-batch 
conjugate variability. We have addressed several of these issues in our 
approach to subunit peptide vaccine design. Our strategy involved de 
novo design of topographic determinants that focused on preserving the 
native protein sequence while introducing a minimal number of rational 
point mutations to facilitate folding of the peptide into a stable confor- 
mation that mimics the native protein structure (50, 5 1). We have exam- 
ined the effectiveness of incorporating promiscuous T-helper epitopes 
derived from nonhuman molecules into these constructs to overcome 
human MHC genetic polymorphism (41). Our previous work in a variety 
of model systems has demonstrated that this approach can elicit high- 
titered antibodies that recognize native protein in an outbred population 
(37-42). 
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Fig. 6. Immunoprotective effects of HER-2 peptide epitopes on spontaneous tumor 
development in transgenic mice were determined by immunizing groups of six to nine 
mice with indicated peptides at 4 weeks of age and boosting every 4 or 8 weeks as 
described in "Materials and Methods." Tumor volumes were calculated as 
(length X width 2 /2). The time to tumor development was analyzed using Kaplan-Meier 
survival analysis with log-rank comparisons of individual curves (62, 63). 



Antibody-mediated Cytotoxicity of Breast Tumor Cell lines. 
We found IgGl (58%) and IgG2 (35%) to be the major isotypes in the 
transgenic mouse sera elicited by MVF HER-2(628-647). HER-2 
monoclonal antibodies representing these two isotypes were shown to 
be capable of mediating ADCC in conjunction with human PBMCs 
(22, 29). In an attempt to explore the molecular mechanism of tumor 
growth inhibition by the HER-2(628-647) peptide antibody, we 
tested its potential to recruit PBMCs to lyse HER-2-overexpressing 
mammary rumor cell lines in an ADCC assay. Peptide antibodies 
elicited in transgenic mice by HER-2(628-647) invoked lysis of two 
different human breast tumor cell lines, SK-BR-3 and BT-474, ex- 
pressing high levels of HER-2 (27) in presence of human PBMCs, 
similar to the clinically applied HER-2 monoclonal antibody, Trastu- 
zumab (Fig. 7). 



80 
60 

*5 

h 

20 



BT474 



80 



60 



o 40 
S 

20 H 




-no antibody 
-HER2(628-647) 
- trastuzumab 



50 25 12.5 6.25 

Effector to Target Ratio 
SK-BR-3 




-no antibody 

-HER2(628-647) 

•trastuzumab 



50 25 12.5 6.25 
Effector to Target Ratio 

Fig. 7. HER-2(628 -647) peptide antibody-mediated ADCC of 3, Cr-Iabeled mammary 
tumor target cell lines BT-474 (top) and SK-BR-3 (bottom) was assayed in presence of 
human PBMCs. The percentage of cytotoxicity was calculated as described in "Materials 
and Methods." SDs were less than 10% of the maximum individual values. Less than 2% 
lysis was observed when target cells were incubated with normal mouse immunoglobulin 
or antibodies alone without effector cells. 
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The antitumor activity of HER-2 monoclonal antibodies, some of 
which recognize denatured protein (22, 52, 53), prompted us to test the 
efficacy of antibodies raised against peptide irnmunogens from HER-2. 
In contrast to peptide vaccine approaches that have focused on multiple 
T-cell epitopes derived from HER-2 and the generation of anti-HER-2 
T-cell responses (34), we have focused on individual B-cell determinants 
and optimizing an antibody response that has the potential of interfering 
with the transforming activity of HER-2. We demonstrate that a confor- 
mational ly optimized chimeric B-cell peptide immunogen that incorpo- 
rates a promiscuous T-helper epitope elicits high-titered antibodies to 
HER-2 in both outbred rabbits and inbred transgenic mice. Antibodies 
elicited by the chimeric peptide MVF HER-2(628-647) had antitumor 
activity in vitro and prevented tumor development in vivo. MVF HER- 
2(628-647) targets a membrane proximal region of the HER-2 ECD, 
which may be important in the antitumor activity observed with this 
immunogen. The epitope recognized by the clinically applied HER-2 
monoclonal antibody Trastuzamab is reported to be located in the mem- 
brane proximal region of the ECD, amino acids 529-627 (54). This 
antibody has been shown to induce HER-2 receptor degradation (13), 
inhibit receptor cross-talk (55), and mediate ADCC (27, 54). It is possible 
that the peptide antibodies elicited by HER-2(628-647) may inhibit 
tumor growth by these mechanisms as represented by their capacity to 
mediate ADCC. Optimal cysteine disulfide pairings in the sequence 
628-647 have been shown to be critical for transforming activity of 
HER-2/neu. Disruption of disulfide bonds in this region has been shown 
to promote ligand-independent receptor homodirnerization and early tu- 
mor development (56, 57). 

Although HER-2(376-395) MVF peptide elicited native receptor- 
specific antibodies and inhibited tumor cell proliferation in tissue culture, 
we were unable to evaluate the immunoprotective capacity of this con- 
struct in neu transgenic mice because these peptide antibodies failed to 
cross-react with rat neu receptor. Not all antibodies elicited demonstrated 
antiproliferative activity. An increase in tumor proliferation was observed 
in vitro with the antibodies elicited by HER-2(410-429) MVF. Mono- 
clonal antibodies to different HER-2 epitopes have demonstrated differ- 
ential effects. Some bind and display no activity, whereas others stimulate 
or inhibit tumor growth (22, 52, 53, 58). The predicted B-cell epitopes 
were not equally immunogenic nor did they equally elicit antibody that 
bound native HER-2 protein. HER-2 (1 15-136) MVF and HER-2(410- 
429) MVF were poorly immunogenic in transgenic mice. Strong immune 
responses to HER-2(376-395) prompted us to evaluate the adjacent 
epitope HER-2(410-429), although it had the lowest predicted score of 
the final 12 epitope selections. This low score may explain its poor 
irnmunogenichy. Glycosylation is shown to play a decisive role in the 
immunogenicity of tumor-associated antigens (59) with effects on both 
the structure of the B-cell determinants and their ability to bind antibodies 
(60, 61). The inability of HER-2( 115-136) MVF peptide antibodies to 
recognize the receptor might be due to the absence of sugars at the 
predicted TV-linked glycosylation site (NNTT) in the synthetic peptide in 
contrast to other irnmunogens. This observation is supported by the fact 
that the antibodies raised against HER-2( 115-136) MVF peptide were 
able to rnimunoprecipitate the rat neu receptor (Fig. 4). It is interesting to 
note that rat neu receptor does not harbor a TV-linked glycosylation site in 
the analogous region (2). 

It is not clear why only a minority of patients with tumors that 
overexpress HER-2 have manifested objective clinical responses with 
passive immunotherapy with Trastuzumab (19, 21). Tissue distribu- 
tion and levels and the inherent immunogenicity of monoclonal anti- 
bodies, even humanized constructs, are a few of the major constraints 
associated with passive therapy. It should also be noted that antitumor 
activity of HER-2 antibodies in preclinical studies has been only 
partial and is cytostatic in nature. Because of this, prolonged therapy is 
necessary. The cost and antigenicity of monoclonal antibody also pose 



major obstacles for this application. In contrast, synthetic subunit peptide 
vaccines are attractive when targeting proteins such as HER-2. Oligopep- 
tide vaccines are cost-effective to produce and are more readily charac- 
terized during their manufacture. More importantly, subunit peptide vac- 
cines can focus immune responses to biologically active epitopes. The 
capacity to narrowly focus the immune response is of particular relevance 
to HER-2, where interaction of the antibody with specific sites has the 
potential of stimulating growth. In contrast to passive therapy, the con- 
tinuous availability of tumor-targeting antibodies can be ensured at low 
cost Here we report a B-cell epitope vaccine capable of eliciting HER- 
2-specific antibodies in an outbred population with a potential to suppress 
the development of HER-2-overexpressing cancers. A National Cancer 
Institute-supported Phase I clinical trial to evaluate both the immunoge- 
nicity and toxicity of MVF HER-2(628-647) is currently under way at 
the Ohio State University Medical Center. 
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Single Chain Ig/y Gene-Redirected Human T Lymphocytes 
Produce Cytokines, Specifically Lyse Tumor Cells, and 
Recycle Lytic Capacity 1 

Mo E. M, Weijtens,* Ralph A. Willemsen,* Dinko Valerio/ Kees Stam,* and 
Reinder L H. Bolhuis 2 * 

To enable construction of CTL with known predefined Ab specificity for adoptive immunotherapy, we constructed a chimeric scFv/y 
gene composed of the variable regions of a mAb joined to the Fc(e)RI signaling receptor y-diain of mast cells. Introduction of this 
chimeric receptor into CTL rendered these lymphocytes specific for renal cell carcinoma. This approach combines the specificity of 
tumor-selective Abs with the efficacy of CTL to destroy tumor cells. We not only demonstrated that the transduced CTL functionally 
express the scFv/y receptor for a prolonged period of time (43 mo of in vitro culture), but also showed high levels of Ab-dictated lysis 
of renal cell carcinoma similar to that of normal CTL, and importantly, we demonstrated that these CTL can recycle their lytic activity. 
Moreover, these scFv/y-expressing T lymphocytes produce cytokines upon stimulation with the relevant target cell. These results 
together with the donor independence of our gene transduction protocol demonstrate the feasibility of redirecting T lymphocytes for 
cancer treatment The Journal of Immunology, 1996, 157: 836-843. 



Adoptive cellular immunotherapy in cancer treatment re- 
fers co the transfer of cultured immune cells with anti- 
tumor reactivity into patients. Lymphokine-activated 
killer cells and tumor-infiltrating lymphocytes have shown thera- 
peutic responses in clinical trials, although these were observed in 
only a fraction of the patients treated (1,2). Tumor-specific MHC- 
restricted CTL have been isolated, primarily specific for melanoma 
(3), but the availability of tumor-specific lymphocytes against 
more common types of cancer for adoptive therapy has been lim- 
ited due to difficulties in generating these tumor-specific CTL. 
Broadening of the range of tumor specificity has been obtained by 
combining biologic response modifier (BRM) 3 production, migra- 
tion/homing, as well as lytic capacity of T lymphocytes with the 
selectivity of tumor-recognizing mAbs. Bispecific mAbs (bsmAb), 
with one binding site directed against a tumor Ag and the other 
recogni2ing an activation molecule on the T lymphocyte, have 
been employed to redirect CTL in preclinical and clinical studies 
(4-8). However, the use of bsmAb for therapy may be hampered 
by the inaccessibility of solid tumors to Ab penetration (9). More- 
over, bsniAb-redirected CTL retain the bispecific Ab for only lim- 
ited periods of time (i.e., 48-96 h) due to their dissociation of the 
CTL surface (4, 10). In addition, bsmAb-redirected CTL lose sig- 
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nal transducing and, hence, lytic capacity following target cell rec- 
ognition, lysis, and TCR/CD3 complex clustering (10). 

To circumvent the limitations associated with bsmAb, we and 
others have adopted an approach in which T lymphocytes are 
grafted with a permanent Ab-dictated specificity (11,12). Variable 
domains of mAb fused by a flexible linker sequence have been 
shown to display binding affinities and specificities similar to those 
of the natural mAb (13-15). Such single chain Abs (scFv) juxta- 
posed to a signal transducing molecule such as the Fc(e)RI y- or 
TCR f-chain have been functionally expressed in mouse T cell 
hybridomas or CTL (11, 12, 16, 17), tumor-infiltrating lympho- 
cytes (18), and human CD8 + T lymphocytes (19). Stimulation of 
the chimeric receptor with the relevant target cell results in T cell 
activation responses, including BRM production (16) and lysis of 
the target cell (1 1, 12, 17-19). 

In this study we used an scFv/7 receptor derived from a renal 
cell carcinoma-selective mouse mAb G250 that is directed to a 
membrane-bound Ag present on >90% of primary tumors and 
>80% of metastases (20, 21). A chimeric gene was constructed 
composed of the variable domains of the G250 mAb and the 
y-chain from the Fc(«)RI receptor present on mast cells (22). Ret- 
roviral gene transfer was employed to successfully transduce the 
scFv/7 into activated T lymphocytes. The gene-transduced T lym- 
phocytes stably express the receptor for >4 mo and specifically 
lyse renal cell carcinoma in an MHC-unrestricted manner. Con- 
tinuing and advancing the work of others (11, 18), successful 
transduction was demonstrated in T lymphocytes derived from all 
donors tested, as shown by 1) scFv/7-redirected lysis, 2) cytokine 
production by the gene-transduced T lymphocytes upon relevant 
target cell interaction, and 3) the fact that, like normal CTL (10, 
19, 23, 24), the gene-transduced CTL can recycle their scFv/r 
dictated lytic activity, i.e., one CTL enters into multiple lytic cy- 
cles with the target cells. 

Materials and Methods 

Celts and antibodies 

PBL from healthy donors were isolated by centrifugauon through Ficoll- 
Isopaque (density « 1.077 g/cm 3 ; Pharmacia Fine Chemicals. Uppsala, 
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Sweden) and activated in culture flasks prccoated for 3 h at 37°C with a 
1/30 dilution of OKT3 culture supernatant at a density of 2 X 10 6 cells/ml 
for 3 days in Mix-Med culture medium (78% RPMI 1640 buffered with 
bicarbonate (2 g/1) and HEPES (25 mM), 20% AIM-V (Life Technologies, 
Paisley , U.K.), and 2% heat-inactivated human plasma supplemented with 
360 IU/ml human rIL-2 (Eurocetus, Amsterdam, The Netherlands), 2 mM 
glutamine. 100 U/ml penicillin, and 100 ngtm\ streptomycin) (25). In ad- 
dition, lymphocytes were activated in Mix-Med culture medium with 10 
ng/ml OKT3 (Ortho Diagnostic System. Beerse, Belgium) at a density of 
0.5 X 10 A cells/ml without rIL-2. After activation, lymphocytes were 
washed twice and cultured in Mix-Med culture medium. The following cell 
lines were used as target cells in the cytotoxicity assays: renal cell carci- 
noma cell lines SK-RC-7 (kindly provided by S. Wamaar, Leiden, The 
Netherlands). SK-RC-52. SK-RC-1. SK-RC-59, and SK-RC-10 (kindly 
provided by E. Oosterwijk, Nijmegen, The Netherlands), and A75 gener- 
ated in our laboratory); melanoma cell line G43 (kindly provided by 
T. Boon, Brussels, Belgium); ovarian carcinoma cell line IGROV-I (kindly 
provided by J. Benard, Villejuif, France); Burkitt lymphoma-derived cell 
line Daudi; and erythromyeloid-derived cell line K562. The amphotropic 
packaging cell line PA3I7 (American Type Culture Collection. RockvUle, 
MD) was cultured in DMEM 12501 (Life Technologies) and 10% bovine 
calf serum (HyClone. Logan, UT) supplemented with 2 mM glutamine, 
100 U/ml penicillin, and 100 jig/ml streptomycin. The mAbs used in cyto- 
toxicity inhibition studies were the renal tumor-associated Ag (TAA>speciftc 
G250 mAb (kindly provided by S, O. Wamaar, Centocor, Leiden, The Neth- 
erlands) and anti-HLA-A,B,C mAb (W6732, Seralab, Sussex, U.K.). 

Construction of scFv/y genes 

The genes encoding the V H and the V L domains of the G250 mouse mAb 
were isolated by anchored PCR (26) from cDNA prepared from G250 
mAb-producing hybridoma cells, using anchored/anchored poly(C) prim- 
ers (26) and a constant V H (HB) or Vj_ (KA) primer. The V a and V L gene 
segments were cloned into the plasmid pGEMll, and the nucleotide se- 
quence was determined using the dideoxy-mediated chain termination 
method (Pharmacia). To construct the scFv/7 chimeric receptor, we used a 
pBluescript vector containing the linker sequence 212 (14). The V H gene 
segment containing the leader sequence was reamplified using primers in- 
troducing EcoW and BamHi restriction sites at the 5' and 3' ends, respec- 
tively. The V, gene segment was reamplified without the leader sequence 
using primers introducing Xbal and BamHl restriction sites at the 5' and 3' 
ends, respectively. The V L gene 3' primer consists of a constant light chain 
(C L ) gene sequence (18 nucleotides) and an extracellular £ gene sequence 
(nucleotides 138-158) (27). The Fc(e)RI -y-chain, containing the most 3' 
9-bp extracellular sequence in addition to transmembrane and intracellular 
sequences, was isolated from a human cDNA clone (22) using BamHl and 
Xhol restriction sites at the 5' and 3' ends (kindly provided by 2. Eshhar, 
Rehovot, Israel). To construct the chimeric scFv/y gene, V H . V L , and y 
gene segments were cloned into the pBluescript vector. The chimeric 
scFv/7 gene was subsequently subcloned into the retroviral vector LXSN 
(28) containing the murine Moloney leukemia virus long terminal repeat 
and a neomycin resistance gene under the control of an SV40 promoter. 
The sequences of the primers used are: HB, CTC TAA GCT TGG CTC 
AAA CAC AGC GAC CTC GGA TAC AGT TGG TGC AGC; KA. CTC 
TTC TAG AGA GTC TCT CAG CTG GTA GGA TAC AGT TGG TGC 
AGC: V H 5\ CGC TCG AGG AAT TCG CAC TGA ACA CAG ACC; 
V„3\ GCG CGG ATC CTG AGG AGA CGG TGA CTG A; V L 5\ CTA 
GTC TAG AGA CAT TGT GAT GAC CGA G; and V L 3\ CGC GCG GAT 
CCA GCA GGC CAA AGC TCT GGG ATA CAG TTG GTG CAG C 

Cene transduction and selection of gene-transduced 
lymphocytes 

The LXSN retroviral vectors were electro porated into the amphotropic 
packaging cell line PA317 using a BTX electroporator (BTX. San Diego, 
CA) at 250 V and a capacitance of 750 /iF. A stable amphotropic pack- 
aging line, PA317, was obtained after G418 selection. The amphotropic 
virus supernatants produced had a viral titer of 1 X 10* CFU/ml. deter- 
mined on the basis of neomycin resistance of infected NIH-3T3 cells. To 
transduce the activated PBL with the G250 scFv/y retroviral vector 
(L(scFv/tG250)SN), 2 X 1 0* lymphocytes were cocultivated for 72 h with 
a 70% confluent irradiated (25 Gy) monolayer of virus-producing cells in 
culture medium supplemented with 4 /ig/ml polybrene (Sigma Chemical 
Co., St. Louis. MO) and 360 IU/ml rIL-2. Subsequently, the gene-trans- 
duced PBL population was selected for 4 days in special culture medium 
containing 1 mg/ml G418, followed by 5 days of selection in medium 
containing 0.4 mg/ml G418. After selection, the gene-transduced lympho- 
cytes were expanded in round-bottom 96- well microliter plates (Greiner 
Labor Technik. Nurtingen, Germany) at 37°C in 5% C0 2 in the presence 



of feeder cells: irradiated (25 Gy) allogeneic PBL and EBV -transformed 
lymphoblastoid B cell lines as described previously (29. 30). Cloning of 
gene-transduced T lymphocytes was accomplished through limiting dilu- 
tion by seeding these T lymphocytes in round-bottom 96-well microtiter 
plates at 10, 3, 1, and 0.3 cells/well in the presence of feeder cells (30). The 
culture medium was RPMI 1640 buffered with bicarbonate (2 g/1) and 
HEPES (25 mM; Life Technologies), supplemented with 10% (v/v) human 
plasma, 150 IU/ml rIL-2, 4 mM glutamine, 100 U/ml penicillin. 100 jig/ml 
streptomycin, and 1 u^g/ml PHA (Murex Diagnostics, Dartford, U.K.). 

PCR 

DNA was isolated from 10 3 PBL by incubation of the samples in DNA 
lysis buffer (50 mM Tris-HCl (pH 9.0), 50 mM KCl, 7 mM MgCl* 0.5% 
Nonidet P-40, 0.5% Tween-20, and 60 jig/ml proteinase K) at 55°C for 60 
min. Proteinase K was inactivated at 95°C. DNA from 10* cells was am- 
plified using the 5' V K primer (CTAGTCTAGAGACATTGTGATGAC 
CCAG) and the 3' 7 primer (GCTGCTCGAGTCTAAAGCTACTGTG 
GTGG). The PCR reaction was performed in a total volume of 50 u,l 
containing 50 mM Tris-HCl (pH 9.0), 50 mM KCl. 7 mM MgCl 2 . 200 /tM 
of each dNTP, 20 pmol of each primer, and 0.25 U of Super Taq (HT 
Biotechnologies, Cambridge, U.K.) and was covered with 50 u.1 of paraffin 
oil. The samples were amplified in 35 cycles (30 s at 95°C, 30 s at 58°C, 
and 1 min at 72°C) using a Trio Thermoblock (Biometra, Gottingen, Ger- 
many). Twenty microliters of each sample was analyzed by agarose gel 
electrophoresis. For RT-PCR, RNA was isolated from 4 X 10 6 PBL using 
the RNeasy kit (Qiagen. Hilden, Germany). Single strand cDNA was syn- 
thesized by incubation of RNA with 500 ng of oligo(dt) primer (Promega, 
Leiden, The Netherlands) for 10 min at 75°C, followed by incubation at 
37°C for 60 min with 100 U of Superscript (Life Technologies), 50 mM 
Tris-HCl, pH 8.3, 40 mM KCl. 6 mM MgCl 2 . 10 mM DTT (Life Tech- 
nologies). 500 pM dNTP, and 13 U RNAguard (Pharmacia, Uppsala, Swe- 
den). PCR was subsequently performed on DNA from 10* cells, as de- 
scribed above. As a control for cDNA synthesis, amplification with 0 2 m 
primers was performed. The sequences of the fern primers are: ftm 5\ 
TCAGGTTTACTCACGTCATCCAG; and 0 2 m 3', TCACTCAATC 
CAAATGCGGC. 

Measurement of cytokine production 

To determine cytokine production by gene-transduced PBL upon Ag stim- 
ulation, 6 X 10* transduced PBL were cultured for 24 h in either the 
presence or the absence of 2 X 10* adherent rumor cells in RPMI culture 
medium containing 360 IU/ml rIL-2. Plates were centrifuged for 5 min at 
1500 rpm, supernatant was harvested, and levels of TNF-or and GM-CSF 
were measured by ELISA (Medgenix Diagnostics, Fleuris. Belgium) ac- 
cording to the suppliers' specifications. 

Cytotoxicity assay 

Cytotoxic activity was measured in a 4- to 5-h 3l Cr release assay. Briefly, 
varying numbers of effector cells were added in triplicate to 96-well round- 
bottom microtiter plates (100 /il/well). followed by the addition of 2500 
target cells (100 >U)/well. The target cells were labeled with 100 /iCi 5, Cr/ 
0.5 x 1 0 6 cells for 2 h at 37°C. At the end of the 4- to 5-h incubation period 
(37°C, 5% C0 2 ) f supernatants were collected using a Skatron harvesting 
system (Skatron, Lier, Norway), and radioactivity was counted in a gamma 
counter. The percent specific lysis was calculated as follows: [(test 
counts - spontaneous counts)/(maximum counts - spontaneous 
counts)] X 100%. In blocking experiments, G250 mAb (10 Mg/ml) or 
W6732 mAb (10 ugfail) was added to labeled target cells 15 to 30 min 
before addition of the effector cells. 

CTL-target ceil interactions 

To examine the lytic recycling capacity of scFv/-y-transduced CTL. a sec- 
ondary cytotoxicity assay that we previously developed was used (10). In 
short, CTL (3 X 10 s or 1 X 10 s ) were incubated for 18 h in the presence 
or the absence of adherent target cells (3 x 10 s ) in 1 ml of medium sup- 
plemented with 360 IU/ml rIL-2. After exposure, transduced PBL were 
harvested, counted, and subsequently tested for lytic activity in the 5l Cr 
release assay as described above. Target cell contamination was deter- 
mined by phase contrast microscopy. 

Results 

Cytokine secretion by C250 scFv/y-transduced T 
lymphocytes upon stimulation with renal cell carcinoma 

For expression of scFv/y receptors selective for renal cell carci- 
noma we constructed one continuous molecule comprising gene 
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FIGURE L PGR analysis Of the detection : of itFv/*y C250 DNA and 
RNA ih Wn^uced T iymph^tfci derived fonv diffwrit donors, 
^ihtdium brpmlde^tained gel of PNA#QR.amp)ific^tiQn prprjyc^bb- 
tained .using prirners specific for scfy/y C^W BT-TCR amplifiear 
tfbri pi^ucts usin^ primers specific t6r ^y^f<^5Q 0)i ^(i RT-PCH 
arnplincattoo product pnrners (ttlafte Positive contra) 

for $£fyh d250^sp^cific prirr»er$: ^rpviral vector Cpn^ining/the 
scrV^CiSO cwsWcfc Z negative^ 

jtiock4rarisclace<i PBL ;(PBL-tXS^0; 4 t ^Fv/rtran$d^ed JfBL (PBL^ 
.scG^b); 5^ scFv/y-trahsdueecl t lymphocytes ^erfyed :frbrn jditferent 
dbribiSSVD-2; 6, VD<3; 7;. VD^ ^ VD^Sj anclf # S/D.S. The 'maikef 



segments of thev\&riable region pf ithecrenal cell cwmoraa^elecr 
tjy^^mpwje roAb G25Q and the signal mn^ucing Bupi^ K(e)Rr 
y-dhain transnl^braiie: and thtraccUulaf region, lictroyiral gene 
mniftt Miig the LXSN vector wa$iised to generate? sfe&le inte- 
gration; into: fte: genome, as we and others ftaye : prcytQM$l^ shown 
te Be effective in ftuman acriyatetiT jyraphpcytes &ne 
traduction of* activated human PBL iwas aecoinplished after 
cpcultiyation pF anti-i^3-oc%a1^ huTman PlBk iSmcj^^e^ 
with inadja^ ifcfe 
ypnin^ and etf^si^'lnt^^ 

iieeder 

;the genomic ;DKA of scFv/7-transdiiced T lymphocytes and the 

j^cMF^pfitf Surface expression was too low to be detected by 
FAGS with ariti-Id mAb (33); foercfore, the peTOntage of scFy/ 

functional expression of the receptor, the abi^ 

ducWt*^^ to secrete GW-GSF and 

target ^^ejeli intetattipn was tested (Table I), scFv/y^Rsduced bulk 

tfi^pli^t^ 

tii% but not after stimulation wjjh irrelevant: abreast 
cahdnpmaceli line, thereby shpvyjng functional &preMqn; of the 
^Fy/yn^ptpr arid $pec\6t fecc^niSori pfthe releVaiSt t^get eefe 
by:thescFv/7jeceptor. 

Cytolytic^ 

T6 further study the functional expression of the sqFv/7 receptor 
tin transduced J lymphocytes, cytolytic activity against a panel of 
renal <and nonrenal -cell carcWoma .lines was evaluated in a 5, Cf 
•release assay (Fig. 2). High levels of lysis ( ±80#> at an EiT ratio 
of 60): were shown against all G25Q mAb-binding renal cell car- 
cinoma cell lines. No lysis was observed of cpntrol celi lines SK- 
,RC^9 v a G250 mAb nonbinditig renal ceil carcinoma celUine, arid 
G43, an irrelevant melanoma cell line (<2G% ai an ErT m\o of 



Table L GM-CSF and TNF-ct secretion of transduced PBL upon 
target cell interaction* 







GM-CSF 


TNF-cr 




Effector 




A75 SK-BR-3 


A75 


SK-BR-3 


PBL-SCC250 


103 


1326 64 < 


12 m 


13 


PBL-LXSN 


9$ 


<25^ 38 < 


12. <12 


<12 



*Si?c times itfTly^ 
transduced CPBL-LXS^) culiured In medium or with 2 X \Q 4 CZ50 mAo- 
binding or non*bind'mg tumor cells; :for24.)yCytokjne secretion in siiperoatarit 
was measured by ELISA (Medg^i^tfrt^ Background cytokine 

secretion by tumor cells ajone hits been ^btiracted ^^QfiVCSr;: 78 p^ml for A7S 
and 46 pg/nil for SK-BR-3: TWF-<*i <1:2 w^ljfo^S and SK^BR-3); Production 
of GM-CSF and TNF«d is in pg/mt/3 JiC 10? tel Is/24 h. A73 is a G2S0 binding 
hurihan renal cell oirclndm^cell iiirie;rSlC-BRi3 is a human bre^carcmoma cell: 
line used as 6250 mAb nonbindlng control cell line, Similar results were obr 
tained from 3:ihdepen4^e^im^ ^ tnd%es/ hp ^irnulator cells. 



60). In addition, no MHGrunresMcted N or activated kill 

<AK) actiyjty vy^ by die absence of lysis of K562 

andDaudi, ie^pectively (Fig. 2),^^ indeed : 'c|u^^c]^^-p{1v^^ 
^,rjicta^^;b^ 

ther deriionstrated bv; the irihibitiipri of renal cell carcmoma lysis 
following the addition of soluble G^0 mAb tof the renal cell car- 
cinptna target cells <Fig. 2). #0 lnhibidpn of lysi? was seen withr 
ihe e^ntrpl Mt^BJ^rAiBiC M> (W^2t #|a n<^,snc^S Ws& 
corntiried; results demonstrate I ) the specificity of the C250 riiAb- 
mediated i^hibiti^ii pf ly$!s t and 2) the hphrMl^-iestricted nature 
of the sclFy/y receptor •iritetaeypn jyiith the target celL 

Rewyiral tr^diucdian has been shown to introduce foreign 
genes stably into lymphpcyfeS without adversely affecting their 
functions over time Here, we demorisUate stable functipnai 
eipiessiori oyer ja.test period bf mo pf0riunupus culturie by 
$&M cytp.tp)dcity$t^^^^ DiiHn^thi^M^ 
observed specific ly^sis? -of renal cell carciripriia by bulkHcultured v 
gene^nsduced CTL. This $cFY-r^in2^^ lysis; was only 
inhibited by renal ca^nomaVs^ G250 riiAb :and Was devout 
prNK and £M activity. VYiui,tijn^;M&^ CE)4 + Tlym- 
phocytes injhe^tfc^ 

by a decrease in s^pectfic lytic acttyityi fiepletioii of qM >f ^lyin^ 
phc^yfes^to l^ic:acdVi#up: 
to the level observed befdm Jtjte^ pl^fc^irltial autgrb wtlv of 'C!!^^ 
lyinphc^e£-^ 

cy tes are not • tydfe apd that the define in ^e ^i^ntage c^ 
&£L iri ftybr - : 0 ^SEW* ^ lymphpcyte^ accduhfefer the observed 
decrease Iti ^cFv/^exfis^ t^a;cell lysis, CD4^ lymphocytes 
do produce ^^phw upon scFv/^mediated specific tar|eiAcell 
interaction, Cprrtpj^ed with the CD$ 4 scFy/^d^nsdu^ TP jyri^ 
phocytes, Q$4* T Jymphoc^ produce apprpxnMtely SA-fdld. 
the amount of OM-dSF and aibPut Infold the amount of HF-a 
(data not showri)V 

Cytolytic activity pf*G25Q sdFyM^ri$4ufy^ T jymphptye 
clones 

Limiting ;diIutrori xft the itlt 'tem the eratt^duced butt, culture 
yielded CTL clprie$ Wifti muittple lytic activities. When cloned 
scFv/^t^nsduced 'C^ tested for 1) G25Q scFv/^diiected 
lysis (target: SK-RC^, 2) NK actiyity (target: K562); and 3) AK 
activity (target: Daudi^ the f6libwirig;picture emerged: t^o clones 
with only scFv/^diclated lytic acti vity (clones 44 and. 75); a clone 
with scFv/y-dictated specificity and lytic activity (clone 27); 
two clones wiih^cFvAy^JNK, and AK activities (clones 45 ;and ; 40); 
and a clone without cytolytic activity against the= targets tested 
(clone 41; Fig. 4). 



The lournal of Immunology 



839 



100 1 SK-RC-10 100 1 SK-RC-52 




-o- PBL-scG250 
PBL-scG250 
+ G2S0 mAb 
PBL-LXSN 



U 6,7 20 «0 



*2 %7 20 «0 



E/T ratio 



M 8.T 20 



FIGURE 2. Cytotoxicity of scFv/y (PBL-scG250) and mock (PBL-LXSN)-transduced T lymphocytes against G250 mAb-binding and nonbinding 
cell lines. scFv/y-transduced (PBL-scG250) or mock-transduced (PBL-LXSN) lymphocytes were incubated with the following target cells: A75, 
SK-RC-1, SK-RC-7, SK-RC-10, SK-RC-52 (G250 mAb-binding renal carcinoma cell lines), SK-RC-59 (G250 mAb nonbinding renal carcinoma cell 
line), G43 (G250 mAb nonbinding melanoma cell line), K562, and Daudi, and tested in a 5-h cytotoxicity assay. Blocking of cytolysis with G250 
mAb was performed at a concentration of 1 0 fig/ml The specific sl Cr release is depicted at different E:T ratios. Experiments were performed in 
triplicate, and the SD did not exceed 10%. Similar results were obtained from at least two independent experiments. The percentages of spon- 
taneous release were: A75, 22%; SK-RC-1, 23%; SK-RC-7, 16%; SK-RC-10, 40%; SK-RC-52, 12%; SK-RC-59, ft%; G43, 12%; K562, 5%; Daudi, 
14%. 



effector cells 



PBL-3CG250 CD4 depl 



PBL-scG250 CDS depl 
PBL 



% CD4 % CD8 



% M Cr release 




100 



FIGURE 3. Cytotoxicity of scFv/7 (PBL-scG250), CD4-depIeted fraction (PBL-scG250 CD4 depl), CD8-depleted fraction (PBL-scG250 CD8 
depi), and untransduced PBL against G250 mAb-binding renal cell carcinoma, A75. CD4- and CD8-depleted PBL-scG250 fractions were obtained 
by magnetic bead depletion of either population of the bulk culture. The percentage of CD4 + or CD8* T lymphocytes was determined by flow 
cytometry. Specific 51 Cr release is depicted at an E:T ratio of 60. Experiments were performed in triplicate, and the SD did not exceed 10%. Similar 
results were obtained from at least two independent experiments. The percentage of spontaneous release was 9%. 



These differences in target cell specificities among CTL clones 
and hence CTL target recognition structures were also illustrated 
by the fact that only lytic activities of those CTL clones that ex- 
clusively lysed renal cell carcinoma (scFv/7 dictated) were com- 
pletely inhibited by G250 mAb. The cytolytic activity of cloned 
scFv/y-redirected CTL that also exerted NK and/or AK activities 
was partly inhibited (Fig* 4). Clones 27, 41, 45, and 49 were phe- 
notyped and found to be TCRcr0 + and CD8 + . Two clones (no. 41 
and 49) were further analyzed and were negative for CD16 t and 
±50% of the T lymphocytes expressed CD56. In addition, no 
scFv/y G250 membrane expression could be detected by FACS 
using anti-Id mAb (33) (data not shown). 



Efficacy of functional LXSN $cFv/y gene transduction 
protocol 

To investigate whether scFv/y transduction and subsequent functional 
expression by recipient T lymphocytes is donor independent, we set 
out to transduce fresh T lymphocytes from 10 healthy volunteers. 
Activated PBL were cocultivated and selected as described. Evalua- 
tion of genomic DNA and RNA by PCR analysis showed T lympho- 
cytes from all donors to contain and to transcribe the fusion gene (Fig. 
1, lanes 5-9). Subsequent analysis of functional expression demon- 
strated a complete correlation between the presence of scFv/y tran- 
scripts and 1) GM-CSF and TNF-a production upon Ag stimulation 
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FIGURE 4. Cytotoxicity of T lymphocyte clones 
obtained by limiting dilution of a scFv/y-trans- 
duced PBL population. T lymphocyte clones were 
tested in a 5-h 51 Cr release assay with target cells: 
K562, Daudi, or the renal carcinoma cell line 5K- 
RC-7. Blocking of cytofysis was achieved with 
G2S0 mAb at a concentration of 10 /ig/ml. The E:T 
ratio was 20. PBL-scG250 is the scFv/y-transduced 
bulk population, and PBL-LXSN is the mock-trans- 
duced population. Experiments were performed in 
triplicate, and the SD did not exceed 15%. Similar 
results were obtained from at least two indepen- 
dent experiments. The percentages of spontaneous 
release were: SK-RC-7, 13%; Daudi, 17%; and 
K562, 9%. 



PBL-LXSN 
PBL-scG250 
clone 27 
clone 41 
clone 44 
clone 45 
clone 49 
clone 75 




20 40 60 80 100 
%- at Cr release 



target cells 
■ SK-RC-7 

□ SK-RC-7+G250 

□ Daudi 
SK562 



120 



Table II. CM-CSF and TNF-a secretion of transduced PBL upon 
target cell interaction* 



CM-CSF 



TNF-a 



effector 




A75 


ICROV-1 




A75 


ICROV-1 


VD-1 


<12 


716 


<12 


16 


509 


66 


VD-2 


<12 


1500 


<12 


<12 


1131 


66 


VD-3 


<12 


2614 


<12 


<12 


940 


52 


VD-4 


232 


445 


96 


54 


46 


19 


VD-5 b 


<12 


153 


<12 


36 


85 


28 


VD-6 


<12 


2709 


<12 


16 


T260 


56 


VD-7 


<12 


329 


<12 


<12 


127 


16 


VD-8 


<12 


902 


<12 


24 


516 


58 


VD-9 


<12 


743 


<12 


<12 


1800 


<12 


VD-70 


<12 


691 


<12 


<12 


438 


<12 


PBL-LXSN 


<12 


31 


<12 


<12 


<12 


<12 



a Six time* 10 4 7 lymphocytes transduced with scFv/y (VD-1 -10) or mock- 
transduced (PBL-LXSN) were cultured in medium or with 2 X 10 4 C250 mAb- 
binding or rton binding tumor cells, for 24 h. Cytokine secretion in supernatant 
was measured by EUSA {Medgenix, Brussels, Belgium). Background cytokine 
secretion by tumor cells alone has been subtracted (CM-CSF: 206 pg/ml for A75, 
<12 pg/ml for ICROV-1; TNF-a: 22 pg/ml for A75, 47 pg/ml for IGROV-1). 
Production of CM-CSF and TNF-a is in pg/mU3 x 10 s cells/24 h. A75 is a C250 
binding human renal cell carcinoma cell line. ICROV-1 is a human ovarium car- 
cinoma cell line used as G250 mAb non-binding control cell line. Similar results 
were obtained from two independent experiments. - » no stimulator cells. 

b CM-CSF and TNF-a in pg/ml/5 x 10 5 cells/24 h. 



(Table II) or 2) scFv/y-rnediated tumor target cell lysis by the CD8 + - 
transduced CTL (Fig. 5). Cytokine production was observed in all 10 
gene-transduced T lymphocyte cultures. Specific lysis of renal cell 
carcinoma was shown, with 8 of 10 scFv/y- transduced T lymphocyte 
cultures derived from 10 donors. Specificity was further demonstrated 
by inhibition of renal cell carcinoma lysis by soluble parental G250 
mAb to the target cells before addition of the scFv/-y-expressing CTL. 
To exclude the possibility that lysis might involve HLA molecules on 
the target cells, lysis of renal cell carcinoma by these transduced T 
lymphocytes derived from five different donors was also tested by 
preincubation of the target cell with anti-HLA framework Ab W6732. 
No inhibition of lysis was seen. 

As cytokine production is another sensitive method to measure 
specific CTL/target cell interactions, we assume that the percent- 
ages scFv/y-transduced T lymphocytes in the two nonly tic cultures 
are too low to monitor lysis. Differential efficacies of gene trans- 



duction and subsequent selection of gene-transduced lymphocytes 
will result in T lymphocyte bulk populations comprising different 
percentages of gene-transduced T lymphocytes. In addition, T 
lymphocyte composition will vary among cultures of individual 
donors. This may explain the different levels of cytolytic activity 
and the different lytic activities (e.g., scFv/y-dictated lysis and 
NK/AK activity) as well as differences in the Iymphokine repertoire. 

G250 scFv/y-transduced T lymphocytes recycle chimeric 
receptor-dictated lytic activity 

To examine the capacity of gene-transduced CTL to recycle their 
scFv/y-redirected cytolysis, these CTL were allowed to enter mul- 
tiple lytic interactions with relevant target cells before being tested 
in a secondary 31 Cr release assay (10). scFv/-y-transduced CTL 
were added to an equal (i/l) or excess (1/3) number of unlabeled 
G250 raAb-binding renal cell carcinoma A75 cells and incubated 
for 18 h. During the incubation period >95% and 60% of the target 
cells were lysed, respectively, as determined under the phase con- 
trast microscope. Unlabeled irrelevant ovarian carcinoma cells 
(IGROV-1) were used as control target cells and were not lysed by 
the effector cells. scFv/Y-transduced CTL were harvested and 
tested for lytic activity in a secondary cytotoxicity assay in the 
presence of 31 Cr-labeled A75 cells. These preincubated cells still 
displayed scFv/7-dictated cytolytic activity, which suggests that 
these cells, although we cannot formally exclude recruitment, re- 
tain full lytic recycling capacity (Fig. 6). 

Discussion 

In this report we have demonstrated redirection of human T lym- 
phocyte specificity by retroviral single chain Ig/y gene transfer, 
obtaining CTL with a permanent, MHC-unrestricted, tumoricidal 
activity. Redirection of lymphocyte specificity to recognize targets 
not recognized by their endogenous TCR was previously achieved 
with bsmAb, one arm of which is directed against a tumor Ag and 
the other against an activation molecule on T lymphocytes (4, 5). 
Such bsmAb-redirected CTL have shown in vivo anti-cancer ac- 
tivity in mice (7, 8) and in man (6, 34, 35). Lysis of tumor cells can 
be attributed to bsmAb-redirected CD8 + T lymphocytes, although 
in mice additional anti-tumor growth effects were seen due to cy- 
tokine release by CD4* T lymphocytes and subsequent activation 
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effector cells 



% 5t Cr release 




target cells 
■ A75 

0A75 + G250 

□ Daudi 

□ K562 

n.t.= not tested 



PBL-scG250* 
PBL-LXSN 



100 



FIGURE 5. Cytotoxicity of scFv/y-transduced CTL derived from 1 1 different healthy donors (VD-1-10 and PBL-scG250) and mock-transduced 
(PBL-LXSN) PBL against G250 mAb-binding renal carcinoma cells, A75. Gene-transduced T lymphocytes were depleted for CD4 + T lymphocytes 
and incubated with A75, K562, or Daudi as target cells in a 4- to 5-h cytotoxicity assay. Blocking of cytolysis was achieved with G250 mAb at 
a concentration of 10 /tg/ml. The specific 51 Cr release is depicted at an E:T ratio of 60 or 20 [*). Experiments were performed in triplicate, and 
the SD did not exceed 15%. The percentages of spontaneous release were: A75, 13%; Daudi, 6%; and K562, 5%. 



of CTL and NK activities (36). Loco-regional immunotherapy in 
clinical studies have shown tumor responses that were restricted to 
the treated area (6, 35). This may be due to the limited migration 
capacity of bsmAb-redirected CTL and their limited recycling of 
signal transducing capacity, as we reported previously (10). 

Genetic engineering of T lymphocytes using a scFv/7 gene car- 
rying LXSN retroviral vector resulted in permanently acquired, 
Ab-dictated target cell specificity and lysis as well as the triggering 
of lymphokine production and of MHC-unrestricted NK/AK lysis. 
Such scFv/y-redirected CTL show normal recycling of lytic activ- 
ity and may have normal migration and target cell homing capac- 
ities. Indeed, we demonstrated that G250 scFv/y-transduced CTL 
show relevant renal cell carcinoma-specific kill and prolonged 
functional expression of the chimeric receptor for a test period of 
almost 5 mo. Although transcription of the fusion gene could be 
demonstrated, levels of T lymphocyte surface expression were too 
low for detection by FACS analysis. Despite this low surface ex- 
pression, the observed levels of lytic activities of scFvAy-trans- 
duced CTL was high (e.g., 76% for clone 44 at an E:T ratio of 2) 
in a 5-h 5l Cr release assay. This high lytic activity may be ex- 
plained by the high affinity of the scFWy chimeric receptor relative 
to that of TCR for the Ag on the target cells, although we expect 
the affinity of scFv/7 to be lower than the parental mAb. This low 
expression of scFv/y receptors may prove advantageous from a 
clinical point of view, as it might lower the human anti-mouse Ab 
responses in patients after transfusion of scFv/y-expressing CTL. 

Because the number of tumor cells is usually in excess of lym- 
phoid effector cell number, their elimination by CTL in vivo re- 
quires that individual CTL recycle their lytic machinery. We pre- 
viously demonstrated that only in the presence of excess bsmAb 
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preincubation (E:T) 

no target cells 
♦A75 (1:1) 
♦lgrov-1 (1:1) 
<>A7S (1:3) 
•o-lgrov-1 (1:3) 



E:T ratio 

FIGURE 6. Cytolytic recycling capacity of scFv/y-transduced PBL 
(PBL-scG250). Gene-transduced PBL were first exposed for 18 h to 1) 
medium alone, 2) G250 mAb-binding renal cell carcinoma, A75, or 3) 
irrelevant ovarian carcinoma cells, IGROV-1 . E:T ratios were 1 and 
0.3. After exposure to the target cells, retention of the cytolytic capac- 
ity of the transduced PBL was measured in a 4-h 51 Cr release assay 
against renal cell carcinoma, A75. E:T cell ratios were 5, 10, 20, and 
40. Experiments were performed in triplicate, and the SD did not ex- 
ceed 1 5%. Similar results were obtained from at least two independent 
experiments. The percentage of spontaneous release was 9%. 
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can bsmAb-redirected CTL recycle cytolytic activity (10). How- 
ever, the excess bsmAb evoked a human anti-mouse Ab response, 
eventually blocking cytolytic activity (6, 37, 38). We, therefore, 
studied the lytic recycling capacity of scFv/y-transduced CTL. 
Prolonged exposure (18 h) of scFv/7-transduced CTL to their spe- 
cific target cells and subsequent testing of these CTL in a second- 
ary cytotoxicity assay demonstrated their capacity to enter multiple 
lytic cycles with their specific tumor targets. In normal CTL, the 
continued triggering of T lymphocytes and, hence, recycling of 
lytic capacity require continuous synthesis and subsequent surface 
expression of endogenous TCR (10, 39, 40). Therefore, we con- 
clude that scFv/7 gene-transduced CTL, which functionally ex- 
press the scFv/y chimeric receptor and show recycling of lytic capac- 
ity, also continuously synthesize the transduced chimeric receptor. 

Clinical application of scFv/y-redirected PBL can be effective, 
as it combines induction of BRM production and cytolysis by the 
redirected T lymphocytes. Release of Iymphokines by CD4 + gene- 
transduced T lymphocytes upon specific target cell interaction may 
also contribute to tumor growth inhibition as well as induction of 
NK/AK activities. These lytic activities may result in elimination 
of those tumor cells that lack or down-regulate the relevant tumor- 
associated Ag expression (1). 

An important feature of CTL-expressing scFv/y receptors is that 
they, like Ab per se, recognize Ag in an MHC-unrestricted manner. 
Hence, in contrast to T lymphocytes, which recognize their ligand 
via their endogenous MHC-restricted TCR, the scFv/y-dictated 
specificity and anti-tumor activity is not adversely affected by tu- 
mor cells that down-regulate their MHC complex or for other rea- 
sons do not express MHC-restricted Ags (41). 

In conclusion, we have shown long term functional expression 
of scFv/y chimeric receptors by transduced T lymphocytes, scFv/ 
7-triggered lymphokine production, and cytolysis of relevant tar- 
get cells as well as recycling of lytic activity. The scFv/y gene 
transduction was successful in all 11 donors, and these results pro- 
vided "proof of principle** of the use of scFv/y-expressing CTL for 
clinical anti-cancer treatment. 
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A retroviral vector system 'STITCH 1 in combination with an optimized 
single chain antibody chimeric receptor gene structure allows efficient gene 
transduction and expression in human T lymphocytes. 

Weijtens ME, Willemsen RA, Hart EH, Belhuis RL. 

Department of Clinical and Tumor Immunology, Daniel den Hoed Cancer Center, 
Rotterdam, The Netherlands. 

Genetic engineering of T lymphocytes for adoptive clinical immunotherapy calls for 
efficient gene transduction methods. Therefore, a transient retroviral gene transduction 
system 'STITCH* was developed comprising pSTITCH retroviral vector encoding the 
transgene, plasmids encoding Moloney murine leukemia virus gag/pol and gibbon ape 
leukemia virus envelope, and the human kidney cell line 293T as a packaging line. 
Cotransfection of retroviral vector and packaging plasmids in 293T cells results in the 
production of GALV env pseudotyped viral particles with a titer of 10(7) infectious units 
per milliliter. The 'STITCH' gene transduction system efficiently transduces genes into 
activated human T lymphocytes derived from healthy donors and cancer patients. The 
efficacy of gene transduction is donor-independent. A direct application of the 'STITCH* 
gene transduction system is the genetic engineering of activated human T lymphocytes to 
induce expression of antibody based chimeric receptors in their membrane. Introduction of 
these chimeric receptors into activated human T lymphocytes graft these cells with 
specificity for, for example, renal cell carcinoma. In order to study the effect of the 
chimeric receptor gene structure on the processes ultimately leading to functional 
membrane expression, we designed a number of different chimeric receptor gene structures 
and subsequently compared their membrane expression on 293T cells and activated human 
T lymphocytes. Distinct membrane expression densities were observed on 293T cells and 
human T lymphocytes for the different chimeric receptor gene constructs. Gene 
transduction of activated human T lymphocytes with four out of five chimeric receptor 
gene constructs resulted in functional expression of chimeric receptor as demonstrated by 
specific recognition and cytolysis of renal cell carcinoma. 
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Chimeric scFv/gamma receptor-mediated T-cell lysis of tumor cells is 
coregulated by adhesion and accessory molecules. 

Weijtens ME, Willemsen RA, van Krimpen BA, Bolhuis RL. 

Department of Clinical and Tumor Immunology, Daniel den Hoed Cancer Center, 
Rotterdam, The Netherlands. 

Adhesion and accessory molecules play a critical role in T-cell activation and effector 
function in general and in tumor cell recognition and lysis in particular. We investigated the 
contribution of CD2, CD3, CD1 la/CD18, CD54 and CD58 molecules in T lymphocyte- 
tumor cell interactions mediated by chimeric immunoglobulin receptors. The chimeric 
receptor is composed of a single chain antibody binding site and a gamma-chain signal 
transducing molecule (scFv/gamma). T lymphocytes expressing such scFv/gamma 
receptors recognize the G250 Ag on renal cell carcinoma (RCC) in an major 
histocompatibility complex (MHC)-unrestricted manner and exert RCC selective cytolysis. 
A coregulatory role for CD2, CD3 and CD 1 la/CD 18 molecules in scFv/gamma-mediated 
cytolysis was demonstrated using monoclonal antibody (MAb)-induced inhibition of 
scFv/gamma-mediated cytolysis. The inhibition of lysis was not due to inhibition of 
cytotoxic T lymphocyte (CTL)-target cell conjugation but rather to a post-conjugate 
signaling event. Binding of CD54 and CD58 MAbs to the RCC did not inhibit cytolysis of 
RCC cells that expressed high levels of both CD54 and the G250 antigen (Ag) (A75), 
whereas cytolysis of RCC expressing intermediate levels of CD54 and G250 Ag (SK-RC- 
17 cl.4) was partly inhibited by the CD54 MAb. Binding of low concentrations of G250 
MAb to RCC (A75) rendered these cells sensitive to CD54 MAb inhibition, demonstrating 
a direct functional relation between G250 Ag expression level and adhesion molecules. 
Taken together, our findings indicate a coregulatory role for CD2, CD3 and CD1 la/CD 18 
molecules in the scFv/gamma-mediated cytolysis of tumor cells and show that the 
requirement of CD 1 la/CD 18-CD54 interactions is dependent on the level of free Ag. This 
make these gene-transduced T lymphocytes attractive tools for adoptive immunogene 
therapy of cancer. 
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